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PREFACE 

A treatise in Marathi "Bharatiya Jyotish Sastracha,Prachin; Ani Aryachin 
Itihas" by Sankar Balakrishna Dikshit, first published in the year 1896, is 
perhaps the only book on the history of the Indian Astronomy from ancient 
to modern times. Publication of an English translation of this monumental 
work was undertaken by the Meteorological Depaitment of India in 
accordance with a recommendation by the late Professor M/N. Saha, D.Sc, 
F.R.S., Chairman of the Calendar Reform Committee. The first part of the 
English translation of this treatise, namely, "Bharatiya Jfyotish Sastra, Part I" 
containing a history of Indian Astronomy in the Vedic and Vedanga period 
from ancient times upto 1000 B.C. was published by this department in 1968. 
The present volume contains an'English translation of the remaining parts of 
the original treatise on the Siddhantic and the Modern periods. . 

x The translation of this treatise from Marathi to English was made by the 
late Professor R. V. Vaidya, a Marathi scholar and former Superintendent of 
Shree Jiwaji Observatory of Ujjain. He was also a member of the Calendar 
Reform Committee. This translation was also touched up by the late 
Professor P. C. Sen Gupta, a renowned Professor of Hindu Astronomy of the 
Calcutta University. The final editing f this volume has been made under the 
supervision of Shri A. Bandyopadhyay, Director, Positional Astronomy 
Centre of the Department at Calcutta. We expect this English translation 
of pikshit's excellent treatise will help scholars, both in India and 
abroad, to appreciate the remarkable achievement of Indian Astronomy 
during the ancient and medieval periods. 
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PART TWO 
HISTORY OF ASTRONOMY 

IN 

JYOTISA SIDDHANTA PERTOD 

1 GANITA SltANDHA (MATHEMATICAL BRANCH) 

A : Madhyamadhikara (Adhikara on Mean Places) 

CHAPTER I 

History of astronomical Works and Computation of mean places of 

Planets etc. 

FOREWARD 

As mentioned in the INTRODUCTION,* the author proposes to discuss the 
History of the science of Astronomy from about 500 years before Saka era 
to this day ; and in the beginning, this first chapter of the Madhyamadhikara 
(i.e. a section on mean places) under the Ganita Skandha (i.e. a Branch of 
Mathematics) will deal with the history of astronomical works and the question 
of computing the mean motions and places of planets. 

The knowledge of astronomy as developed during the Vedic and Vedanga 
Jyotisa periods and described in Part I, was considerable as compared with 
the pace of general progress during the period ; but it would appear very 
meagre, when compared with the ability (developed in a later period) to predict 
the true positions of planets. It appears that some works might have been 
compiled during the interval between these periods. There may be some 
Samhita works of that type ; but they are either not available now or have 
not been seen by him. The period of Siddhantic astronomy can somehow 
be linked with the ancient period. This point will be discussed later on ; but 
we have no information as to how the knowledge of astronomy reached the 
highest stage of calculating the true motions and places of planets, how obser- 
vations used to be taken and how the motions of planets were finally fixed 
after comparing the differed observations. The oldest of astronomical 
(Siddhanta) works reveal a sudden rise in the standard of astronomical know- 
ledge. Those who raised the standard of such knowledge through their works 
were naturally regarded as superhuman, and thus urose. the popular belief 
that the available ancient works on mathematical astronomy are regarded as 
'apauruseya' (i.e. not compiled by any mortal man), and it is clear that this 
belief has been formed later. 

- Because these works were regarded as superhuman, they naturally did 
not include the description of subjects like observations. There seems to be 
another very strong reason for this omission. Looking to the conditions of 
those days when as a rule 'shorter the works, the easier they were to 
commit, to memory', such works dealt with only the rules of calculating the 
motions and places of planets, and they appear to have avoided length by 
omitting the underlying theory. 

*Pulishedinp a rtIof the'book " 
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2 Histoby of Indian Astronomy i 

The author proposes to deal with all works on astronomy in chronological 
order in this chapter on mean places. Their points of differences, if any, 
with -matters pertaining to other Adhikaras from different works, as also some 
special points worth mentioning, have been treated in subsequent chapters ; 
otherwise, all information about the works has been given in this very chapter 
on mean places. Some works are considered divine while some authors have 
more than one book to their credit ; hence, the following account is arranged 
under the names of authors, and at places, under the titles of their works. 

The oldest known works on astronomy are the five Siddhantas— the Surya 
Siddhanta and others. These are regarded as divine. They are again of two 
kinds. The Pancasiddhantika of Varahamihira mentions the Saura and other 
four Siddhantas ; but at present they are not available. The Pancasiddhantika 
simply provides clues to their elements. The author calls them the 'ancient 
Siddhanta Pancaka' or 'group of five ancient Siddhantas'. There are five 
other Siddhantas likewise entitled the Saura, which are at present available. 
He calls them 'the modern group of five Siddhantas'. These will presently 
be dealt with. First he takes up for consideration the group of five ancient 
Siddhantas. These belong to the 5th century before Saka era. Some of them 
may belong to an even earlier period. 

The group of five ancient Siddhantas 

The following are the Siddhantas mentioned by Varahamihira :— 

Paulisa, Romaka, Vasistha, Saura and Paitamaha are the five Siddhantas. 

The elements described by the Pancasiddhantika show that the Siddhantas 
were different from the five modern Siddhantas. Not only are these not 
available at present, but even the original work, entitled Pancasiddhantika is 
not available and so, not much is known to any one on this side. Two copies 
of the work brought from Kashmir by Dr. Buhler are preserved in the Govern- 
ment collection of Manuscripts in the Deccan College (See Reg. No. 37 of 
1874-75 and No. 338 of 1879-80) ; but these are very incorrect and incomplete 
and one is unable to find, at places, where one arya (couplet) ends and the 
next one begins. The author has written out for himself a copy from the two 
versions, and calculations made therefrom have shown that the Surya and 
other Siddhantas described in it, are different from the modern ones, in that 
they differ in the length of the year and the motions of planets. The astro- 
nomical works compiled during the last 800 years do not show that any ore 
knew that there existed before a Surya-Siddhanta different from the modern 
one. He came to know of their existence in 1887 and no doubt need be en- 
tertained about it, since this can be proved by calculations and by other 
evidence. The booklet of the Pancasiddhantika is very incorrect and the 
major portion of it is unintelligible for want of a commentary ; however mary 
important points have been understood.. The author would, therefore, 
describe briefly the five Siddhantas in the order of the dates of their compilation 
as found by him. 

*Dr. Thibaut published in 1889 A.D. the Pancasiddhantika based on the Deccan College 
versions. It also gives a new commentary by Sudhakara Dvivedl. The author could not 
find time to read the whole of it uptil now. However all the important information which 
be could glean from the Pancasiddhantika has already been given above. 



Varahamihira, in the very first chapter of PafteasiddfcSntiJcI, obasrves as 
follows;— 

•ftfcwiGf* %^rt?ft <iHH*M*d ftW: 5rt?«F: n 

♦h^^k: tflfa^: TfoM ^tfwaft It V u 

"The Siddhanta made by Paulisa is accurate ; near to it stands the Siddhanta 
by Romaka ; more accurate still is the Savitra (Saura). The two remainina 
ones are far from truth." • 

This shows that the Paulisa Siddhanta was very clear at the time of the 
compilation of Paficasiddhantika, which means that its calculations very 
much agreed with the actual observed positions. The Romaka was nearer 
to it in correctness. The Surya-Siddhanta was better than both and the 
remaining two (Vasistha and Pitamaha) were far removed from correctness 
meaning that their calculations did not agree with the observed results The 
Pitamaha Siddhanta and Vasistha Siddhanta must have been the oldest of 
the five, and of the these two, in the author's opinion, Pitamaha Siddhanta 
must have been the more ancient. The reasons for this will be given later on 
Let us now consider the Pitamaha Siddhanta. 

Pitamaha Siddhanta 
The Subject matter 

- I he ^ a f c P rinci P le s underlying the Pitamaha Siddhanta have been given 
-in the 12th chapter of the Paficasiddhantika. That chapter contains only 
five arysa (couplets). Nowhere else in the Paficasiddhantika is found anythini 
about this Siddhanta. The first two of the five couplets run thus :— 

™ n "t C A°I ding t0 the * eachJ ng of Pitamaha, five years constitute a yuga of the 
hm«?3i / m0( ?' he adhimasas oc <^ after thirty months and an omitted 

bTtwo L^l °T m S1Xty , ^ days ' Lessen the time of the Saka King 
aLrlnf . lde V he remainder b y five ; with the remaining years find the 

SSffi J ™?!? f -° m the first day of the Kflfo half of MagU- The Ahar- 
gana thus found begins with sunrise". 

day^-f fifth COl)plet describest ^ method of calculating the length of the 

num^oi^vf tl! he n u m ? ber , of days ela P sed after winter so3st *e or the 
soSfcS bv 2 ILt f i? OT t£* end of the ayana ^ginning with summer- 

will We^enXf the day^ " ^^ * ** qU ° tient ' and the reSuIt 

writt7nYnh!sbook OP i5r ThlhSft £"**?* J IOB 5 the Pa ^siddhantika, exactly as they are 
-« Places enly such of ThlS w u , 1 has mtrod yced new readings in the next and he has accepted 

tThe « Were CCTlEidered suitable, 

first half of the h coun]et il ]^n^ OUP l et is j n u correct ? * he P/oper word must be 'yuktam'. Th« 
nothing more tha?thit fcL 1 ? l correc . t and ha s not, therefore, been given heref bat it means 
*e man that has been given above within brackets. 
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This verse and the following, describing the method of calculating the 
naksatra, and stating that the nak^atra should be counted from the phanistfca 
onward, show that the Pitamaha Siddhanta has seme similarity with the 
Vedanga Jyotisa system. 

Date of Compilation 

The method followed by Varahamihira in explaining the Pitamaha Siddhanta 
involves Saka era but it has been used simply to calculate the 'ahargana . 
The methods attributed to other Siddhantas also direct one to calculate the 
'ahargana' from Saka 427. Just as this does, not imply that the Siddhantas 
'were compiled (by Varahamihira himself), in Saka 427, it cannot be taken to 
imply that the Pitamaha Siddhanta was compiled after the beginning ot 
Saka era. It is evident from its similarity with the Vedanga Jyotisa system 
that it must have been more ancient than the beginning of Saka era. There 
are, however, no means to fix up the date of its compilation. 

Aryabhata I has, in the beginning of Dasagiiika written the following 
benedictory verse ; — 

"After saluting the Pitamaha (kam) who is manifold and one at the same 
time, the god of truth and the Parabrahma, Aryabhata describes the three 
subjects viz. mathematics, method of calculating time and the celestial spheree 
and in his last couplet he observes, 

"The science known as the Aryabhatiya is the same as the science originaly 
expounded by Brahma himself". 

This shows that the Pitamaha Siddhanta must have been compiled long 
before Aryabhata lived (i.e. Saka 421) 

Brahmagupta (Saka 550) , in his Siddhanta, observes, 

"The calculation of planets' places as propounded by Brahma has, become 
disjointed on account of (lapse of) long time ; Brahmagupta, the son of Jisnu,. -; 
is describing the same in clearer terms". s 

There are three Brahma Siddhantas available at present. One is the : 
Brahma Siddhanta by Brahmagupta, the second, the Brahma Siddhanta | 
mentioned in £akalya Samhita and the third that included in Visnudharmot- % 
tarapurana. In the Author's view, to be explained later, the Visnudharmottara | 
and the Sakalyokta Brahma Siddhantas are not older than the Brahmagupta s | 
time, but compiled much later. The basic principles, propounded by the 
Sakalya Brahma Siddhanta, even it be more ancient than Brahmagupta, are 
exactly the same as those propounded by the modern Surya-Siddhanta. It; 
may as well be said to be in current use and not antiquated or disjointed ; 
and it will be shown further that the Visnudharmottara Brahma Siddhanta is. 



Jyotisha Siddhanta Period 



aot similar to the Brahmagupta Siddhanta. This shows that the Brahma 
Siddhanta to which Brahmagupta has referred as containing mathematics 
explained by Brahma, must have been different from the Brahma Siddhantas 
of Sakalva Samhita and Visnudharmottarapurana and it must be the same as 
the Pitamaha Siddhanta of the Pancasiddhantika. The Vedanga Jyotisa 
does not deal with the calculation of planets other than the sun and the moon ; 
and the Pitamaha Siddhanta of the Pancasiddhantika also describes the cal 
culations of the sun and the moon only. Varahamihira has given the cal- 
culations of all planets in the case of only the Surya-Siddhanta out of the five 
Siddhantas and mentions nothing about the planetary calculations contained 
in the Pitamaha Siddhanta. It must have, however, contained the calculations 
of planets as remarked by Brahmagupta, and Varahamihira appears to have 
omitted it, on finding that it did not agree with the actual observed places 
on account of lapse of time. A Pitamaha Siddhanta, different from the one 
described in the Pancasiddhantika, does not appear to have ever' existed 
before Brahmagupta. The words "planetary calculations given by Brahma" 
occurring in Brahmagupta's work must certainly be referring to the Pitamaha 
Siddhanta of the Pancasiddhantika, and the remark, "a long time has elapsed'* 
also refers to the same Pitamaha Siddhanta. It follows, therefore, that it 
must have been compiled long before the Saka era. 

Aryabhaja and Brahmagupta appear to have expressed veneration for the 
Pitamaha Siddhanta only as a formality, because their siddhantas and the 
Pita maha Siddhanta of the Pancasiddhantika have nothing in common It 
lias already been pointed out in the course of the study of the Vedanga Jyotisa 
that Brahmagupta has openly found fault with the five-year Yuga system Still 
these arguments in no way affect the inference that there existed a Siddhanta 
lenowr as the Pitamaha Siddhanta before these two astronomers lived. 

The System 

Kt^hlf^fl^ n ll k ^ ycs J n tht banning two couplets relating to the 
Pitamaha Siddhanta, the first of which contains the expression, 

KEaL!?£ th?^*^ 1 ???* 1 t0 be reck °ned after 30 months". It has 
month after ?0 ™^ y ° f Veda " ga Jyoti§a that the ado P tion of a * intercalary 
eked bv ^Bh a tn^T n - hS u CaUSes a grave error ; but tbjs vei ? «>*Pkt has been 
thrverse »S in 7 hls „ com nientary on Vrhatsamhita in connection with 

X^SLSSS^vJ 11 Chapter 8 - The readin S there is ^dhimaso 
ckonfd Xr vZ\^ h l Qh means that ar intercalary month is to be re- 
(cS^^m^h 8, Aga ? th6Same Couplet is found in the commentary 
^£^ttf° °S- Sr,p f S Rat * a ™ la a "d it also gives ^adhimaso 
<|ue tl J ouSfH iU Tea * m Z- Tt is strange that there is room for confusion 
a 10 doubtful readings at such an important place. 

vfe/"trim?aS?^ l 5 at H tpala and Mah adeo changed the original reading 
as the re^S"^?^ ' wh >; shouM they have substituted "dwyagnisamaih" 
and hence thov rL m " ltercalar y m °nth occurs after more than 32£ months, 
33. It aoDe-n / £» r ave , as wcl1 substitut ed some words meaning 32£ or 
reading AcrnJ ° re % lhat "^wyagnisamaih" must have been the original 
after 62 d™T S 8 «° t ! ie Ved3n fi a J y ot '? a one day (tithi) is suppressed 
,, uuys,, wniie the above couplet mentions the suppression of one dajT 
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sis occuring after 63 days (tithis). This shows that the Vedanga Jyoti§a and 
the Pitamaha Siddhanta are not similar to each other completely, and this 
also lends an additional support to the view that "dwyagnisamaih" must 
have been the original reading* 

The number of intercalary months in 8 years comes to be 3 at the rate of 
one intercalary month in 32 months. This gives 99 as the number of lunar 
months in 8 years and 2970 as the number of tithis (lunar days) ; and 47^ 
lunar days will be suppressed during this number of tithis at the rate of one sup- 
pressed tithi per 63 lunar days. Hence, 8 years will be equal to 2922? savana 
days or one year will be equivalent to 365 days and 21f ghatis. This measure 
of a year is more accurate than that found in the Vedanga Jyoti§a. 

The Pitamaha Siddhanta existed before Aryabhata, Varahamihira, and 
Brahmagupta, As it had fallen into disuse in their times it is evident that it 
must have beer compiled long before them. It is similar to the Vedanga 
Jyotisa but differs from it much. Brahmagupta's statement shows that it 
(the Pitamaha Siddhanta) contained the calculations of Mars and other planets* 
which is not given in the Vedanga Jyoti§a. It proves that a more accurate 
work known as the Pitamaha Siddhanta was compiled sometime after the 
Vedanga Jyotisa and this is an important fact. If it were known how the 
places of Mars and other planets used to be calculated according to the Pita- 
maha Siddhanta, it would have been found very useful in tracing the growth 
of Indian astornomy ; but we have almost no hopes of obtaining the Pita* 
maha Siddhanta now in its original form. 

Va£i§tha Siddhanta 

The Date 

The Pancasiddhantika contains 13 aryas (couplets) relating to Vasi?tha 
Siddhanta. The system described by it is somewhat different from that met 
with in other siddhantic works. This fact and also the statement of Varaha- 
mihira that "Vasistha is very inaccurate" leads one to infer that it must have 
been more ancient than the remaining three siddhartas excepting the Pita- 
maha Siddhanta. 

The System 

The thirteen couplets show that they mention nothing about planets other 
than the sun and the moon. The method of calculating tithis and naks&tras* 
is not similar to that of the present day. It mentions the rasi (sign), affiSv 
(degree) and KalS (minutes) as the units and the subject of 'shadow' has been 
considered at length. Something has been told about the length of 
the day and the word lagna' (ascendart) has been used in a somewhat 
present day sense. The Vasistha Siddhanta, available at present, is in no way 
similar to the one existing before Varahamihira's time and did not exist 
in his time. This question will be discussed again later on. 

Different versions of Vasisfha and Romaka Siddhdntas 

Two versions of the Vasi§tha and Romaka Siddhantas were known at the 
time of Brahmagupta (Saka 550). The case of Romaka Siddhanta will auto- 
matically be considered along with the evidence on the basis of which it is 
to be proved that there were two kinds of Vasi§tha Siddhanta. Let both of 
them, therefore, be considered here together. 
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Brahmagupta says at one place in his Siddhanta, 

spam \f 

"I describe the 'naksatranayana' i.e. the method of calculating nak§atras, 
which has been given by other Siddhantas viz. Paulisa, Romaka, Vasi§tha, 
Saura and Paitamaha but not given by Aryabhata". 

He observes at another place, 

sparr. ^Y sriqt 'a 

/ * 

"This very (beginning of a yuga) has been adopted by Surya, Indu, Pulisa 
Romaka, Vasistha and Yavana". 

Brahmagupta has cited as authority of the Surya and other Siddhantas 
because these were in his favour. The Brahmagupta Siddhanta as a whole, 
appears to have launched a vigorous attack against Aryabhata and other*. 
He is, as it were, showering volleys of vituperation. Even then he has not 
made any direct attack against the group of first (Siiryadi) five Siddhantal 
except the Romaka, and he has explicitly found fault with the Pattern, ony 
once, as may be seen from the following couplet :— ' 

ananw t. 

"The smrti works mention yuga, manvanja?a and kalpa as the 1>road 
units of time. The Romaka has violated the Smrtis since it does not mcation 
them . 

Brahmagupta, at another place, observes, 

^■^Mr<rw4w-w*<£l*<wri?nTT5nT2^r h *£ u| 
<^rr^ 'r^terr srrra^t f^r^r u *o i i 

The gist 

h "Sri§ena nas compiled a 'kantha' (i.e. a patch work) entitled as Romaka, 
°y borrowing elements from different Siddhantas, e.g. (i) mean sun and moon, 
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moon's apogee, moon's node, Mars, Mercury, Jupiter, Venus, and Saturn 
from Lata's work (ii) elapsed years of yugas and bhagana (sidereal revolutions) 
from Vasistha (iii) the pada (quadrants) from Vijayanandi's works and (iv) 
mandocca/aphelia, paridhi (epicycle), nodes of planetary orbits and calcu- 
lations of true places from Aryabhatiya. Visnucandra has similarly, compiled 
the Vasistha Siddhanta by borrowing the same elements". - 

* 

It has been said above that Visnucandra has borrowed the same elements 
from other works in compiling the Vasi§tha Siddhanta as Srisena had borrowed 
in compiling the Romaka Siddhanta, and it has also been observed that 
Srisena took the bhaganas and the elapsed years of yugas from the Vasistha 
This shows that Visnucandra also adopted the same elements from the Vasistha 
Siddhanta and other information from other Siddhantas and compiled another 
Vasi§tha Siddhanta.* It, therefore, shows that there existed two kinds of 
Vasistha Siddhantas and that this was known to Brahmagupta. One of them 
was the original Vasistha Siddhanta and the other was Visnucandra's Vasistha 
Siddhanta, compiled by borrowing some elements from the first. 

It has already been remarked before that Brahmagupta has abused Romaka 
Siddhanta as 'a violator of Smrti', because it does not give the time units of 
yuga, manvantara and kalpa ; but it has also been shown above that Brahma- 
gupta himself says that Srisena picked up the figures for 'elapsed years of yuga% 
from the Vasistha Siddhanta while compiling the Romoka Siddhanta. Simi- 
larly, he again observes, 

arc u sntf u. 

3To ^ ajTo V^. 

"That Srisena, Visnucandra and other authors have mentioned 'Mahayugas 
as a multiplicity of yugas"... 

"£ri§ena has not given true positions of Mars and others from the com- 
mencement of a yuga, as is done by Aryabhata, but from the beginning of 
Mesa". 

Thus, according to the statement of Brahmagupta- himself, the Romaka 
Siddhanta by Srisena did contain the yuga system and from this (it can be 
inferred that) there were two siddhantas named Romaka, at the time of Brahma- 
gupta— the one known as the original Romaka Siddhanta and the other, 
that 'compiled by Srisena'. 

Most of the names of astronomers who lived before Brahmagupta and who 
have been mentioned in his Siddbanta, are found in the Pancasiddhantika. 
However, the names of Srisena and Visnucandra are not found in the Panca- 
siddhantika which mentions only one Siddhanta each, named as Vasistha and 
Romaka. This goes to show that Srisena's Romaka Siddhanta and Visnu- 
candra's Vasi§tha did not exist before Saka 427, andthat only the original 
Romaka Siddhanta and the original Vasistha Siddhanta existed then and 
these are given in the Pancasiddhantika only in summary form. According 
to Brahmagupta, Sri§ena and Visnucandra borrowed the method of finding 
true places from Aryabhata. This also shows that they compiled their res- 
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Active Siddhantas after Saka 421 while the Pancasiddhantika leads to th* 
Conclusion that they were compiled after the Saka 427. 

ROMAKA SlDDHANTA 

It has been pointed out above that out of the two Romaka Siddhantas 
-described only the original Romaka Siddhanta existed at the time of the 
Pancasiddhantika. Let us now consider this Romaka Siddhanta. 

A large portion of the Pancasiddhantika has been devoted to Romaka 
Siddhanta Ihree couplets of the first chapter beginning from the 8th describe 
the method of finding the 'ahargana'. The fifteenth couplet mentions the 
intercalary months and the suppressed tithi. All the 18 'aryas' of the 8th 
chapter are "devoted to Romaka Siddhanta. They describe the calculations 
of the sun and moon, their true places and the method of calculating solar 
-and lunar eclipses. 

The very first couplet giving the method of calculating the 'ahargan^ 
-according to the Romaka Siddhanta runs thus :— 

"Deduct the Saka year 427 from the number of that year for which the 
ahargana is wanted at the beginning of the light half of Caitra, when the sun 
was halfset in Yavanapura, at the beginning of Tuesday". 

This shows that the first lunar day of Caitra was a Tuesday. 

A Karana work is required to give the positions of planets as at the'teginning 
•or epoch of that work, for finding the planetary positions. These positions 
are termed 'ksepaka'. lie 'ksepakas' as mentioned by the Pancasiddhantika 
prove to be true for the mean Mesadi (Sun's entry into Aries), falling on the 
14th Lunar day of the dark half of 'amanta'^Caitra of Saka 427 ; i.e. on Sunday, 
the 20th of March, 505 A.D. There is no doubt that some of them are true 
for the moon and others for the midnight of that date. This point will be 
more clearly explained in the study of the Surya-Siddhanta later on. The 
next Sukla 'pratipada' (i.e. the first lunar day) after the 14th day of the dark 
Jialf of Cditra, i.e. the first day of the light half of Vaisakha, is seen to fall on 
Tuesday. Evidently this very 'pratipada' was called the 'Caitra-sukla- 
pratipada', by Varahamihira (otherwise, by no other method the Caitra-sukla- 
pratipada of Saka 427, can be shown to fall on Tuesday), and it was no doubt 
correct that the 'ahargana' is required to be calculated from that day. Varaha- 
mihira appears to have adopted this epoch, because it is convenient to calculate 
positions from those on the 1st day of the light half. It is a well known fact 
of mathematical astronomy that the 'ahargana' calculated with the help of 
any 'Karana work' proves to be correct within a day, and it has to be verified 
with the help of the day of the week. It may now be questioned as to why 
the Vaisakha sukla-pratipada could have been called the Caitra-sukla-pratipada 
by Varaha. I have absolutely no doubt that the sukla-pratipada following 
the day for which the Ksepakas are given is the first day of the Vaisakha-sukla- 
ialfmonth of Saka 427 according to the 'amanta' system. The Caitra is 
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defined as that endmgranar month which ends while the sun is in Mesa (Aries)- 
As the sun is found to be in Mesa at the end of that amavasya which fell on 
the day, next to the day for which the elements have been given irrespective 
'of whether a mean or a true Mesa was reckoned-; and hence, according to the 
above definition the amanta lunar month which ended with the amavasya 
must be termed as Caitra, and Vaisakha commenced on Tuesday i e the next 
day. But a lunar month belonging to the purnimanta system ends on the 
lull moon day, and hence, the full moon day belonging to that light half which 
commenced just after the 'ksepaka' day will coincide with the end of the 
lunar month. The calculations made on the basis of 'ksepakas' given by 
Pancasiddhantika show that the sun still occupied the Mesa sign, and hence 
that Junar month naturally received Caitra as its name. The author does 
not find_any other convincing theory to explain how that month could be 
termed Caitra. The purnunanta system has remained in vogue in Northern 
India from a very ancient time. Even though the 'purnimanta' system is stilt 
in vogue There, the lunar months are not named according to the system described 
above ; but it appears that the system must have been in use in its pureTbrm 
at the time of Varahamihira. 

The first couplet of the 8th Chapter gives tne method of finding the sun's- 
place accordmg to the Romaka Siddhanta :— 

^l'i lll ? iply the ana rga»a by 150, deduct 65, and divide the remainder by 
54787 ; the result is the mean longitude of the sun". 

The sun's position is obtained by multiplying the ahargana by 150 sub- 
tracting 6$ ffpm the product and by dividing the remainder by 547&7.' The 
number 65 is to be subtracted from this because of the Ksepaka. The tore 
denoting the sun's longitude is obtained in terms of bhaganas etc. (the ftfcagafla- 
ineafls a complete sidereal revolution of a planet through the Zodiac.} There 
U no doubt about this, although it is not explicit in the couplet The sun 
makes 150 complete revolutions in 54787 days and hence, one revolution 
fejpires exactly 365 days 14 ghatis 48 palas. This is, therefore, the measure 
of a year according to Romaka. The modern Sflrya-Siddhanta gives 365d 
15g 3lp 31-4V. as the measure. Brahmagupta has blamed Romaka for not 
SWngMtasuttsaf yuga and other units, as is done by other Siddhantas and 
the following discussion will show that it is true. In order to facilitate the 
comparison of Romaka with other Siddhantas, below the figures are given 
indicating the number of revolutions and other measures relating to the moon, 
in one Mafcayuga i.e., in 4320000 years, which are derived from the elements- 
given by Romaka. The couplets from the Pancasiddhantika on the basis of 
which these have been calculated are as follows :— 

"Romaka's yuga consisted of 2&50 years. During this period, the number 
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of intercalary mouths is 1050 and that of pralaya's or suppressed trthis is. 
1(5547". 

nfrqiftT ( n ° ) wmzmiF&fm (%o s) fa*nf^w$^ ii-'" 

^tf^rw (^o^) *r^rT^ ^Rft^nrn^Tir n k ii 

??*&$ ( ?y) *rfur£ 5sjt^^p?^ : sr>h (x\r\\ ) Ti^t: 1 1 i- 

arsnT «;. 

"(5) Multiply the ahargana by 110, add 609, and divide by 3031 ; the- 
quotient gives the position of the moon's kendra at Sunset at Avanti. 

(8) Multiply the ahargana by 24, add 56266 and divide by 163111 ; the 
result is the successive position (in revolutions, signs, etc.) of Rahu (i.e. the- 
moon's ascending node), reckoning backwards from the end of Pisces (i.e. the 
first point of Aries). (24 revolutions of Rahu are supposed to take place in 
16311 1 savanadays)". 

The following figures denoting several astronomical measures are <ierive4 
from these couplets and from the above couplet describiag the calculation of 
the sun's position and that describing the calculation ©f ahargana; 



Number giving 

Revolutions of stars . . . 
Revolutions of the Sun . . . 
Savanadays 

Revolutions of the Moon 

R*l»l«tioi» of the Moon's apogee . 

Revolutions of Moon's ascending node 
Solar Months .... 
ftrtercalary Months . . . 

Lunar Months 



Tithis 



Suppressed Tithis 



Duritig one 

Mahay ag a 

4326000 years 

1582185600 
4320090 
1577865*600 
18 

19 

1370* 

488258-^— 

57589 

108085 

232165 

163111 

51840000 

18 

1591578— 

19 

18 

53431578— 

19 

8 
160294736&- 
19 

8- 
25081768— 
19 



During 4 
2830? years 
1043801 

■;■ zm^ 

38400' 

"' ' 22* 
322- 



dm 

tern 



15£- 



1631U 
34300* 

105» 
35250 
1057500 
16547 



arel^f,-^ ^ rS showin S the revolutions of the moon etc. in one Mahayuga 

wHl not %^!? um «fe- Hence ' ^ s ™ amJ lhe moon ' according to Rcmatai, 
Wl11 not > llke other Siddhantas, ccme together in the beginning of the Kaliyuga 
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aum^SfhV 5 ma »ty the ^ber of lurar months is also not an integral 
Tt£t3^ an^the I^omaka's yuga has been stated to consist of 2850 vears 

S^SSo 1 ?* ^ R 2 maka Siddtota has » ot foUowed System of S 
Mg 4320000 years as the measure for a Mahayuga. P 

inco^L COU ^ e I de !^ ribin gt he method of calculating the moon's place is very 

from if thel L a v^ C ° Ul f n ?V^ te ,5? number °^ e moon's revolutions < 
irom it , tnese have been calculated by a different method. 

The ksepakas at the epoch of the Karana work are found to be as follows :- 

SUD • • • llB 29 ° 34' 23" Moon's Kendra . 2 - 12° 19' 57' 

M °° n * " • 11 29 18 50 Moon's ascending 

Node . . 7 25 49 3 

' iaJP}* K ? e ?^ as „ are true for the moment of sunset at UiiavinI on Sundav the 
14th lurar tithi of Caitra Krsna, Saka 427 (i.e. 20th Maffios A.D I!) * 

tiiekffS^t GrCek ™ tlon S m *> . U ved about 150 B.C. His figure for 
J4gh T-48paf) y exactly tallies with that of the Romaka (viz. 365d- 

^a™* ^°? °? Hipparchus is not available at * present but he 
had compiled tables for calculating the positions of the sun and the moon 

m to fita kSt 1 *** ^f^ WcU ^^ European astXTe°s 
^ MnLrrhif r^ ere f^T^ ** ,P tole my on the basis of the principles 
Sad^d^ti.^r" 1 ? *iT* * at the P ri ^iples of Greek agronomy 
rive f^c^tf^^Y ^ Ptole my'stime> The Romaka Siddhanta 
3 fce vL k ft " ° f °fJ y $Ll Un and ** moon > and its measure 
4^v y SLntiTl m T °? ler ^"Whanta. It does not describe 'the uni- 

luSe S^?l Ste ^ V& itS ^ e ; Romaka 'W*"' to be western. 
<« . *£fL2^f ♦£ J 0> J 2? at the ° n 8 ,nid Romaka Siddhanta was compiled 
?50^ C^f n f W W °p^ ? f H, PP^ chl ? s > a nd it must have been compiled tfter 
J3U H.U and before Ptolemy's time i.e. 150 A.D. 

were* Ste'SS *h?S oTl^T *?' ^ f*^^ *** Vasistha Siddhantas 
1E0L- 7 ,^ ~ R °maka. Similarly, it is thought that even the Surva 

^ o-L, omaka ' for ' 2t 1S obvious from Brahmagupta's work that the other 
four Siddhantas were regarded with more veneration ^ the Romakl He 

X? 17 T 1 &3S Eny ° f the four works ' ^ the i of Sra*ma%ipTa 

^Ln7form S and h fff"^ £ ^ Ve gODe « uite out - of ™> ^ m^its 
original lorm and the form m which it was recast bv Srisena Utoala ha* 

platSrV^ul^r 8 ? ^ R ° maka ° n ^ -caslnTht dStn'of 
&.?£ Bn f 8 J his commentary on the Brhatsamhita, but he has 
cited the authority of the four Siddhantas, viz.,those by Pulisa, Surva Arva- 

appeared' &55W 1 - The <**** R °maka Siddhanta seems 7c havldfs- 
of ^^he tesent Z & ZU°T * ?* time ^ Utpala. The Romaka Siddhanta 
oi tne present day gives elements according to the modern Surva Siddhanta 

^nolmS ^ ,^ °' her Siddh5n J a ; ™ d "en tufRomaTa I dd£a 
whkh the ofte? sTXhs f y ° n f "iT^^ 8 - This sh °™ that the veneration 

^^^SKfRomfir of flve > enjoy - is r to thrir 
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One more important proof about the Romaka being more modern than, 
the five Siddhantas is given below : *-*». 

Measures of the year according to different works on astronomy. 

■ ■ , Days Ghati Pala Vipala Pratmpala.* 

Vedanga Jyotisa . . . . 366 .. .... 

Paficasiddhantika group : ■ 

1 Pitamaha Siddhanta 

2 Vasia(ba Siddhanta 

3 Puli& Siddhanta . 

4 Siuya Siddhanta 

5 Romaka Siddhanta 

First Arya Siddhanta . 

Brahmagupta Siddhaata 
(Modem group) 

Surya, Vasisjha, Sakalya, Romaka and 

Soma Siddhantas . . 

Second Arya Siddhanta 

Rajamrganka . . . . . 

Karana Kutiihala etc. . . 

Out of ihese figures indicating the measure of the year, none except that 

SSJrfSh? £ e ,,-^ nd T t0 £ sma ] ler u tha ? 365d^l5gh-30p, and none, excepting 
SS. <£ ^^anga Jyotisa and the Pitamaha Siddhanta, greater than 365dV? 
I3g_n-3^p In other words, leaving aside the case of Vedanga Jyotisa and 
Pitamaha Siddhanta, none of the rest, except the Romaka, differ froX S£ 

? ? H°^- r + by Tl* i han 2 P alas ' Had Rom ^ ka ^n older than the PuSa 
wES^T* ^ SauraSiddh ^a of the Paficasiddhantika, all of Ihem wOukL 
«5F\ w the M same 3*" measure, as the Romaka or one with a slight variation, 
aad. they could not have strayed very far from the Romaka. 1 his proves 
■■SSES^tJ* that t! he Puiya and Saura Siddhantas were oldej thaS The 
tikfbtnged foTpreir P S. ** " *" ****** ° f *' »»«*- 

of thlpa?c; s lSS a 5t-° pini ^ that 1he Romaka and 1he P«Hsa- Siddhantas 
to savant i^ dhantlka are * ot m ore modern than 400 A.D." He means* 
Smdh^as Jf L W p * ere .j?™^ about the year 400 A.D/ and the other 
same ve a r ft h ^ Pa f asidd >antika group were also compiled about the 
same ye«r. But the above discussion will show lhat his view is erroneous. . 

given\> ?^^T%ite mmh Z? of revol «tions and other elements, as 
w Acnl! ab s iddhanta, which is available at present, are given later 
there fsaSnSv 11 of . th f efi ^s with the foregoing ones will Ihow that 

Romaka E, B JJ f**?"** b w Cen * em - 7his shows that * e modern 
xvuuidjca aiddhanta did not exist before Saka 427. 

coinSkd^v^L^ 11 ? th u J 10 *? 11 Romaka Siddhanta is the same as that 
•See Introduction page LX of Paficasiddhantika by Dr. fhiba^t r """"* 
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PULISA SiPDHANTA 

A large part of the Paficasiddhantika is devoted to the PuHSa SiddhSiita 
It is stated in the lOtfa . -qo«plfBt- of ..tbe "first .Gbiaplvr that Rojnaka'c 'ahargapa' 
is very nearly equal to that of the PuliSa Siddhanta. Then follows the cal- 
culation of the place of the luminaries etc. and of the eclipses of the sun and 
the moor. 

It has not at all been stated what the motions and places of Mars and otfeer 
planets are according to the Pulisa Siddhanta ; but the last couplet states that 
"the planets hive thus been described according tp the PuliSa Siddhanta** 
and which shows that about 16 'aryas' in the end mention something from 
PuliSa Siddhanta about their direct and retrograde motions, and the rise 
and set of planets. 

The elements pertaining to the Pulisa Siddhanta are found to be as follows : 

^fspfrvrFTT Tift: *tWtf+fafa«M«l^T: II VR n . . ' 

"(14) Multiply the ahargana by 120, deduct 33, and divide by 43831 
the result is the mean longitude of the sun in due order. (41) Multiply the 
abargana by 8 and divide the product by 151 ', the quotient indicates the 
degrees of Rahu (i.e. the moon's ascending node) to which as many minutes 
Jiave to be added, as there are complete revolutions. (42) This is- a stanzas 
stating certain correction to be applied to the place of the moon's node as 
found according to the above rule. Apparently 25 minutes have to be de- 
ducted from that place. We do not know what is meant by "Vrscika-bhaga 
Rahoh". 

These couplets are found in the chapter following the one consisting of the 
first 25 aryas, and they form part of the passages attributed to the Puli$a 
Siddhanta. The elements deriveo from these aryas are as follows :— 

The measure of the year . . . . 365d i5gh 30pal 

Number of Savana days in one Mahayuga . . 1577916000 

65703915 
No. of revolutions of Rahu . . . . 232227- 



67946855 

Period of Rahu's one revolution . . . 67946. 4igh 7<Spal 

This gives for the measure of the year a figure different from that of other 
Siddhantas. Similarly, the period of the revolution of Rahu (the moon's 
ascending node) is also somewhat different. 

The Paficasiddhantika mentions other things from the Pulisa Siddhanta 
which include the question of true places of the sun and the moon. It des- 
cribes the method of finding 'carakhandas' (groups of ascensional differences) 
from the 'palabha* (the noon shadow on equinoctial day), and calculating 
therefrom the length of the day ; terrestrial longitudes too have been considered. 
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The method of calculating the tithi and naksatra is similar to one of die m*«i»* 

^'n ?■ f^f r C f^™* * of &* 4 fefa W arid T^atPS*^! 
parallels of the decimation of -fee sun and the moon) The <aS*rL*T "** 
is also considered and" the method is almost Smflar to tfcJ^S^ <*«*pses 
^iddhaatas The study of the direct ^JS^-S^'St^S^'- 
f imil a r to that deserted in the work entitled KhflLSffiL lttL£ 
*caia' (ascensional difference) quotes the foUowinrcOT^t^* ' **** 

"The Yavana mentions 7gh 20pal. as the 'car*' f™- *«;«'• - j « 
forVarlnasL The method oHalcSaUng £% ^M^^ 9 ^» 

in th^g* o7^ 

end of thf Daksinayana. Wdlng to ^avala'Sf ^ *j? ** at ** 
and the maximum length of tedwXmttSHZt^ST* J* *9im«m 
respectively; that is, the difference bS ftJ t2?' ^•■* i **^pal. 
According to the G^latt^^Ste2^SB^^h^ , ^ '?• 7gh ' 8 P- 
respectively and the different is equal to 3§ * J? ^ if ^ ?* 33gh ' 39 *> 
by assuming 5-8 as thepalabha for Uiiayinf ' Pandit^L aVe b 5 e * Elated 
iiis almanac, the maximum hng^onRyatV^f^TTf 1 & vcs in 
the minimum length as 26gh 4HP M Y Sf t0 b f 33gh * 56 P' "d 
comes to be 7eh 52n Thkw'k , , dlff erence between the two 

iialabha ^S^'A^^tS^^^ » *f ba l s of 5-^s fe 
calculation shows 8sh 4nal ** ttl S ^ 5 for Vara fcasi, the Grahalaghava 
ing 6-15 as the ^h^t^t^f^^r^ ^^o lengths. A^ 
^™-'s'CariW basis 

f ^n?av^^ S p ^ S US ffiLddS? ^ **?*?** <*"*>*** 
from the Pulisa Siddhantaas aSwl ^"^tally quoted about 35 complete 
pey contain the number of 22^ ^i^^entary on the BrhatsamhiS 
Jy the Pulisa SiddhaSa Th^^^lr^ ^Portant elements given 
fore, quoted below :- couplets as collected m one place are, there- 

"The numbe ^ meaning is uot W^ clear) 
100 and that in" the Selsiv/vr ta ^ g \ is - obtained ** multiplying 48 bv 

dumber 48 diminSLS^^uSSr^ ST* ^ 5"*^ V £ ' 

This is n „„;+ , i quarter (i.e. 12) successively". 

„J>» a un,, (ekatvam) t0 sta „ with ^ ^ ^ of J h ^ rf ^^ 

™™»^*^^w~: — ^_ 
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^TTf^rcrftr: *r.«\»£^oo 3riwnjrfe?n'fa W^ oool v o tost* it 

"The natural yuga is termed 'sdvana* (civil). That which is reckoned after 
calculating number of days in the joint revolutions of the sun and the moon, 
as Candra (Lunar) ; the Saurd or solar (yuga) is "the heap" of solar days ; 
and the number of days in the revolution of the moon constitutes a Naksatra. 
(sidereal) yuga". 

<T f<4d W^lfe ^t^ (V^ooo o ) TflTfmt *Hf tf# II 

^SP^^^W^^^sf: (W^U) II 

"The sun completes 4320000 revolutions in one, yuga, while the mooa 
makes 57753336 revolutions (in the same period)". 

srf^rrra^: ^fHfW^^f^?K^TT: (UU3^) II 

wi icK* h ' ^ *whptt^ ^Mpt: u 

fcrfspfffaT: ^f^f^^lW^^RT^T^T: (^o=;^m>) II 

"The intercalary months (adhimasas) in a yuga amount to 1593336. The 
number of luni-solar conjunctions is equal to the difference between the 
bhaganas - of the sun and the moon. The number of suppressed tithis is. 
25082280". 

^TT^^FTf^nft ^Tl^rT: ( \ U^oo o o o ) W^ # f^TCfl*: II 

f^qT (? ) *€\ w*k*4 &m-~yp&x ^i^TT^r 1 1 

arTgfor ^ i ta^q^ ^FTTf^r (?) wm\: (^^ooo^o) it, 

"The measure of the Savana yuga is 1555200000 days, that of Lunar yuga is- 
1603000080, of Solar yuga is 1577917800 and of Sidereal yuga is 1732600080/*' 

cr srmrc^r Tm^t dcM^r mf^n', far ^H^rr i i 

"Six 'pranas' ,make a 'vinadi', sixty vinadis make a nadika (or ghatika), 
sixty nadikas make a day ; thirty such days make a month and twelve mori'hs 
make a year." 

q^ETTcT 3R<TTTWt f^TT, ^rfe^T ^TT ; <TTgf II 

"Sixty 'tatpars' make a 'Vikala', sixty 'yikalas' make a 'kala' (minute),, 
sixty 'kalas' make an 'amid' (degree), thirty degrees make a rasi (sign) and 
twelve rasis make a 'Bhacakra' (Zodiacal circuit)." 

=Eftf : m^ff^#: 3PPT (V\s=;ooo=;o) *^RsrWfr#: (^Ko^RR^o) 



Jyottsha Siddhanta Period 17 

"We get the number of suppressed days with the help of the number of 
solar days in the yuga and the difference (47800080) between the measures of 
the lunar and savana yugas. When all the four results can be obtained by 
means of the above figures, where is the need of remembering the results 
individually 7 Whatever results we thus obtain, indicate the number of days 
in the Savana and other kinds of Yugas." 

^S^^n3frW£ (RRIW*) ^ra^: II.. 

"These verses give the number of revolutions which each planet makes in a 

yuga. Mars makes 2296824 ; Mercury's epicycle 17937000 ; Jupiter, 364220; 

Venus's epicycle, 7022388 ; Saturn 146564 ; Mercury and Venus make revolutions 

equal to those of the Sun. "Atha kaksamanani" :— Now are given the lengths 

. of the orbits of planets : — 

*jpprTfW^afr*rercrt# (>o"*W$) ^t«rcT 11 

^ "The lengths of planetary orbits in yojanas (i.e. 8 miles) are as follows : — 

J^rcury, Venus and the Sun, 4331500 ; Moon, 324000 ; Mars, 8146937 ; 

, Mercury's aphelion, 1043211 ; Jupiter 51375764 ; Aphelion of Venus 2654632 • 

Saturn 127671739 ; Zodiac 259890012". ? 

^T^rrR> *TwTSsf ^S3>$W TT^eTT II 

*i^R^H?jrm?teT^»iff^f«RT err ii 

"Whatever is obtained' after dividing the planet's orbital length by the 
S2J5 S ° r ? ltal length > is t6 be Known as the planet's mean distance in lunar- 
dJam^;°F?v rC - , Wben $** number is multiplied by 15, it gives the semi- 
Tlrk ?o v P lanet '« orDit » "which represents the planet's geocentric distance. 
* wJL* n ,? therwise be calculated from the geocentric radius of the orbit of the 
Heavens (i. e , that of the celestial sphere)."' * 

1DGO/69 * ' . r ' ' 
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"The semidiameters of planetary orbits in yojanas are given below : — 
689378 of the Sun, Venus and Mercury, 51566 of the Moon ; 1296642 of Mars, 
166231 of Mercury's aphelion ; 8176688 of Jupiter, 428088 of Venus's aphelion, 
20319541 ,of Saturn and 41362683 of the Zodiacal belt". 

"Beyond darkness has been created by God Brahma, this earth, round like 
wheel, was made up of five main elements. In its centre stands the mountain 
Meru, the abode of gods, and the pole occupies a place in the sky just 
above it. Tlie wheel of stars, being propelled by wind, and creating rises 
and sets, revolves, as if pulled by 'reins' of wind. (The words 'na dwandwan' 
are not clear). All planets when occupying the north give success and only 
Venus, when in the south gives success/' 

Although the Pancas'iddhantika does not explicitly state that the Puli§a 
Siddhanta in it postulated the Yugadi systeiii, it appears from the couplets, 
which mention the intercalary months and suppressed tithis, that it did not 
postulate the Yuga system. Moreover Brahmagupta has blamed only Romaka 
on that account. This tends to show that the Pulisa Siddhanta of the Panca- 
siddhantika did probably contain the description of the yuga-system. The 
Pulisa' s statement as quoted by Utpala includes it. The 'savana mana' (i.e. 
civil measure) alluded to in the statement is termed as * solar' in l other works, 
and the solar measures in the former are termed savana by the latter. The 
measures of 'bhagajaas' etc., as quoted by Utpala from the Pulisa Siddhanta, 
taking the meanings of the words 'savana' etc. as given by other works arc 
given below : — 

r , 

' Revolutions of stars . . . . . . . 1582237800 

Revolutions of the sun 4320000 

Savanadays. ... . . % . 1577917800 

Revolutions of the moon . . . - 57753336 

Revolutions of Moon's apogee (from Beru^i) . . 488219 

Revolutions of Moon's asc. node (from BerunI) * . 232226 

Revolutions of Mars . ♦ . • • 2296824 

Revolutions of Mercury's epicycle . 17937000* 

Revolutions of Jupiter ....... 364220 

♦This is the number of the planets' coitf unctions with the Sun. 
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Revolutions of Venus's epicycle 

Revolutions of Saturn 

Civil Months 

Intercalary months 

Lunar months 

Tithis 

Suppressed days . 

The Length of a year 



70223&8 
146564 
51840000 
1593336 
53433336 
1603000080 
25082280 
365 d -15^-31 p -30 vp 



This shows that the length of the year as given by the PuliSa Siddhanta of 
the Pancasiddhantika and the Pulisa Siddhanta of Utpala are different. Thie 
means that the Pulisa Siddhanta of the Pancasiddhantika is quite differenn 
from the Pulisa Siddhanta of Utpala. One more surprising fact is that Utpala 
himself has given the sentence as an 'extract' from the original Pulisa 
Siddhanta : — 



"The number of revolutions of the stars in one Caturyuga (Mahayuga) 
is 1582237800." 

It gives the number of revolutions of naksatras in a Mahayuga. This 
tallies with the one mentioned in the couplets quoted above. Even then, 
Utpala has mentioned this as a quotation from the original Pulisa Siddhanta, 
and it is composed in the Anustup meter. This shows that there existed at 
the time of Utpala (saka 888) two Pulisa Siddhantas which were different 
from the one belonging to the Pancasiddhantika group. Hence, the number 
of Pulisa Siddhantas comes to be three. The first two couplets of the last 
2|, out of those quoted by Utpala, describes the Universe in the manner in 
which it is found described in the modern Surya Siddhanta and other Siddha- 
ntas ; the last half couplet refers to the conjunctions of planets. This. shows 
that the Pulisa Siddhanta, composed in the Aryametre and existing in Utpala' s 
time, must have been a complete work like other Siddhantas. Similarly, 
the Pulisa Siddhanta belonging to the Pancasiddhantika group also appears 
to have been a complete work from the detailed information cited from 
it above. 

The numbers of revolutions and other elements in the Pulisa Siddhanta a 
quoted by Utpala, exactly tally with those of the Surya Siddhanta belonging, 
to the Pancasiddhantika and given on a subsequent page. Similarly, all the 
measures, excepting the number of civil days and the numbers depending upon 
it, such as suppressed tithis etc* and the revolutions of Mercury and Jupiter 
agree with those given by First Aryabhata. 

Albiruni, the famous Muslim scholar and traveller, who had come to India 
with Mahmud of Ghazni, and stayed here from 1017 to 1Q30 A.D. and studied 
Indian sciences, particularly, the science of astronomy very critically remarks 
that the PuliSa-Siddhanta was compiled by Paulus^ul-Yunani or Paulus, tht 
Greek, which means that the Hindus compiled it with the help of his work. 
Weber says that Albiruni could get in India only the Brahmagupta and th* 
P$i$a s Siddhantas and none others/ 

3a 
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Albirunl's statement cannot be further considered unless it is known as to> 
which of the three Pulisa Siddhantas referred to above was obtained by him 
and unless it is possible to see which of the three Siddhantas agree with the 
work of Paulus Greek, if it be available at all now, so far as the elements are 
concerned. Weber observes : " A work of Paulus Alexandria^ is available 
at present ; but it is not devoted to astronomy but to astrology, and hence, 
the elements given by the Pulisa Siddhanta do not tally with those given by it. 
It, however, contains some of the technical terms pertaining to the Hindu 
astronomy". But Weber's remark does not make it clear what terms have been 
used and in what contest. It seems, the work of Paulus on astronomy is 
not available now, and it would not be correct to draw any inference without 
obtaining the actual work. 

References to the Pulisa Siddahanta have occurred at three or four places 
?^Jf Brahma Sldd hanta mentioned by gakalya which shows that the Pulisa 
Siddhanta existed at the time of its compilation, but which Pulisa Siddhanta 
** *[ as » cannot be sai d. The commentary on Brahma Siddhanta by Prthudaka 
(Saka 900) gives a couplet preceded by the words "desantararekhaca ' pauliSe 
patnyate ^^rfcPCW ^ <ffi?rer q^fW— (meaning, the subject of terrestrial 
longitudes is to be read from Paulisa*). This shows that there existed in his 
time a Pulisa Siddhanta compiled in Arya-metre. 

Surya Siddhanta 
The'Pancasiddhantika gives a different method for each of the five siddhan- 
tas as far as the calculation of the sun and the moon is concerned ; but tha 
calculation of the planets is given as from the Surya Siddhanta only, and this 
shows that the Surya Siddhanta was given the greatest importance. That "the 
Surya Siddhanta is the most accurate of all" has already been declared at the 
outset in the fourth couplet ; and it appears to have received such great 
importance because of its correctness when compared with actual positions in 
the heavens. 

The 14th couplet of the Pancasiddhantika states the number of intercalary 
months and other items as given by the Surya Siddhanta. The 26th couplet of 
the 9th chapter and all the Seven couplets of the 10th chapter, explain the 
methods of calculating (the places of) the sun, the moon and of eclipses etc. 
All the six couplets from the 11th chapter appear to give the explanation of 
only the eclipses as given by the Surya Siddhanta itself, and all the 27 couplet* 
from the 16th chapter deal with the mean places of Mars and other planets, 
and the method of finding their true places, the question of retrograde and 
direct motions, the rising and setting etc. 

In the beginning, the author quotes the couplets which mention the number 

ot the intercalary months and other things, the revolutions of the sun, the 

moon and other planets and mean positions for the epoch assumed by the 

Karana' work according to the Surya Siddhanta and these are followed by the 

results calculated therefrom f— 

<__ *wjt*t $ 

• *See, commentary on Chapter 7. " ~' r """" 

hera^cSSftS ™~ °/ ft Paficasiddhantika is very inaccurate. The author has quoted 
fe™n2h' cor «cted by him on the basis of the underlying theory and given in th« 
form in which they must have undoubtedly been originally compiled 
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5T*paW|f I €.00000 ^Tfrrr^ ^rt^TT^ff sr^TT?f ^ U o ^ ^ ^ , , 

mm 5.00 *rfor# ssrn^gqw^^-TsTriT ^v>HMi 
iiw^wsmaanfc* ^toc^i ^ to^t i, '3. „ 

STsqTJT t 

"Chap. 1, (14) According to the Saura (Siddhanta) there are in 1 ROOOft 
years 66389 intercalary months and 1045095 ^CijT 

Ch ^ tef c 9 f"" (1 l^ COr ? ing t0 the Sfif y a Si ^hanta the mean place of the 
sun is found (le. in revolutions and signs etc.) by multiplvins the 
ahargana by 800, deducting 442, and dividing by 2«207 nSSSfv^ ■ 
the place so found is for the midday at Avanti. * *^ U/ successiv el7, 

<2) ^&Qf, thQ ^ haTg ^ . by 900000 ' deduct 67021 7 and divide by 
24589996 ; toe result is the mean place of the moon. 

<3) Multiply the ahargana by 900, add 2260353, and divide by 2908789 - 
the result is the place of the moon's Ucca. ^ /w ' 

<4) H^ Ul !^L y the Ff vo ! utiors of the moon by 51 and divide by 3120 • 
deduct the result taken as accords. Also, multiply the revolutions of 
the > moon's Ucca by 10 and divide by 227 f the resulting seconds are 
to be added to the moon's Ucca." aiming seconds are 

^r rwr^fwri <M<r«*j«?ftreft 1 1 <r%r^ zjmtft *vmw 1 1 ? 11 
«ft^ snn \o wraf f3f*pnnf*TfcrT*r? *w^ fsf^cr n 

T^T Y$. ^ fVf<?RrT: ^sft *narem 1 1 X II 

«M * ^rnnf^rcr>: 5 *nreft ^o ^ f^RTT^r 1 1 

«r^T^rr yj^o «^?htt^ ^mn^rr: wot: 1 1 ^ u 
%reftsr ^r ?o ^fq# ^^ ?ni£ s^ntifarf^nitf : ^y«> n 
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fcr^ n%miw: ^ *W ^ WW* ***** " 
*t*n: ftw f^rT: #rwr^i^ : WW " * " 



qstra tv 



»(1) The determination of the mean places of " ^ ^jgj^ *I 
yij xu* ^ A, /ari tT ;« according to the Surya Siddnanta, as iouow* . 
SSy Id VenS a ha°e d tie same motion as the mean sum 

(2) For Jupiter, multiply the ahargana by 100 and divide by 433232. 
For Mars multiply the ahargana by one and divide by 687. 

rn For Saturn multiply the ahargana by 1000 and divide by 10766066 
(3> tS ?quoSs S?S entire revolutions ] from the remainders, the mean 
places of the planets are ascertained in signs, degrees and so on. 

rt\ For each revolution of Jupiter 10 'tatparas' (i.e sixtieth parts of 
seconds) have to be deducted. 14 'tatparas' are to be added fo -each 
re^oCon of Mars ; five have to be deducted for each revolution of 
Saturn. 

' (5) Four signs, two degrees, twenty-eight mirutes and forty-nine seconds 
have to be added to the mean place of Saturn. 

(6) Eight degrees, six minutes and twenty seconds constitute the additive 
%ualtity for Jupiter. For Mars that quantity amounts to two signs 
fifteen degrees and thirty-five minutes. 

(i) For the 'sighra' of Mercury, multiply the ahargana by 100, and divide 
by 8797 Add the product of the completed revolutions, and four 
and a half 'tatparas'. 

(8) For the 'sighra' of Verus, multiply the ahargana by 10 and divide 
by 2247. Add ten and a half seconds, multiplied by the revolutions. 

(9) Twenty eight degrees of Leo (i.e. 4 signs plus 28 degrees) and seven 
teeTmmute* are the additive quantity for the 'Sighra' of Mercury-.. 
From the 'sighra' of Venus 332961 seconds are to be deducted . 

The first two couplets above give 365d-15gh-31pal-30vipas the measure of 
the vear and assuming the Kaliyuga to, have commenced on Thursday, at 
mMnfght (when the longitudes of the sun and the moon were . m/), the mean. 
Sun^trV into Aries in &ka 427 falls on Sunday, the 14th tithi of Caitra, 
^k-h^raAsgh^pal. (The mean longitude «^JW™«j£. 
moment). The couplet "dyuganerko. . . ." gives 11 B 29 27 2U as tne mean 
posS of the sun at the epoch, and the couplet clear y states it to be true 
for the noon at Avanti, but what day it refers to " t l«%^<^r3g 
mean longitude of the sun for the noon of Sunday, the 14th tithi ot Caitra, 
o^k haiffas calculated for the moment 33gh-9p, before the mean sun's entry 
into Aries, tallies exactly with the epochal position given. This shows that 
the Surya Siddhanta of the Pancasiddhantika has assumed the commencement 
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of the yuga at midnight and that it postulates the Yuga system. These con- 
clusions prove* to be true from the fact that the figures for the revolutions 
of planets as giver below agree with the planetary positions calculated on the 
assumption of the beginning of the Kali yuga at midnight, * 



The figures as calculated from the Couplets quotea above are as follows — 
The length of the year 



a gh 
365— 15- 



pal vipal 
31— 30 



In a Mahayuga (i.e. 4320000 years) 
The No. of revolutions of The No. of revolutions of 



The stars 
The Sun 
Savana -days . 
Moon's revolutions 



1582237800 

4320000 

1577917800 

•57753336 



Revolutions of Moon's apogee 488219 
Moon's asc. node 

Revolutions of Mars . . 2296824 
Revolutions of Mercury . 17937000 



Jupiter . . 
Venus 
Saturn 

Solar months 
Intercalary months 
Lunar' months . 
Tithis 
Suppressed days 



364220 

70223&8 

146564 

51840000 

1593336 

53433336 

1603000080 

2508228$ 



The epochal positions as 'emerging' from the above couplets (i.e. the 
positions at the epoch, calculated on the basis of the Surya-Siddhanta of 
Pancasiddhantika) are as follows ;— 



Sun 
Moon 

Moon's Apogee 



11 29 27 20 

11 20 11 16 

9 9 44 53 



These positions are true for the 
noon of Sunday, the 14th tithi of 
the dark half of Caitra, saka 427 
(elapsed). 



*Assuming at first that the yuga commenced oA Thursday at midnight and adjusting 
planetary positions true for the moment, and then, arguing on the basis of the agreement of 
the two that the assumption was correct, appear like "arguing in a circle". But one is forced 
to follow this method in the case of many problems in astronomy when nothing certain is 
known about them in the beginning. I have stated above only the final results obtained 
after the full consideration of the facts embodied in the above couplets. But only experienced 
persons can realize what pains I must have had to take over before arriving at the conclusion, 
and in how many ways I had to make different assumptions and to attempt the verification 
of their truth. When in August 1887 and Feb. 1888, inspite of several difficultes enumerated 
below, I could establish a correspondence between the multipliers and divisors with the 
epochal elements, and could particularly explain how 'the planetary positions mentioned 
by the Btoswat karana and Khancjakhadyaka almost agree with the figures given by the 
Surya,Siddhanta of the Pancasiddhantika, and could establish a certainty about thethre* 
works, my delight knew no bounds. The difficulties were (i) the Pancasiddhantika was 
compiled about 1400 years ago (ii) it had no commentary, (iii) the copy which I had obtained > 
was very inaccurate (iv) suspicion about the reliability of the words denoting the numerical ' 
quantities indicated by them and written below, in the above couplets, since the manuscript 
was incorrect, and (v) the fact that the figures indicating the length of the year and revolutions 
of planets do not fully agree with any of the modern siddhantas. It must, however, be 
recorded here that this research does not deserve any more importance than what it is worth 
from the historical point of view. I enjoyed some more such moments of delight while 
writing this work — The author. 



24 , History of Indian Astronomy 



lvioon s asc. nuuc 
Mars 


• • * • • 
. 2 15 


35 


4 


Mercury 


. 4 28 


17 


7 


Jupiter . 


. 8 


6 


20 


Venus 


. 8 27 


30 


35 


Satiirr 


. 4 2 


.28 


49 



The epochal positions of Mars 
and other planets are true for the, 
midnight of Sunday, the 14th tithi 
of the dark half of Caitra. 



The motion and position of Rahu (moon's asc. node) has been mentioned 
in the 5th couplet of the 9th Chapter, but the couplet is unintelligible. The 
first couplet of the 16th Chapter clearly states that the epochal positions are 
true for the midnight, but which day it refers to has not been mentioned. 
The positions of planets, calculated on the basis of planetary revolutions 
mentioned above and true for the midnight of Sunday, the 14th tithi of the 
dark-half of Caitra, i.e. a moment 3gh-9 palas before the mean Sun s entry 
into Aries, completely agree with the epochal positions given by the couplets. 
The 6th couplet gives the 'ksepakas' (epochal positions) for Mars, and the 
figures for seconds (of arc) appear to have been left out from it. The 9th 
couplet mentions Mercury's positions which contain no figures for seconds ; 
and the position of Venus is given shorter by four seconds. But there would 
be ro harm if it be said tnat the difference of a few seconds m the epochal 
positions should be regarded as negligible. 

The above mentioned figures denoting revolutions and the length of a 
year do not agree with the corresponding measures of revolutions etc. given 
by the modern Surya Siddhanta. This shows that the Surya Siddhanta ol 
Pancasiddhantika and the modern Surya Siddhanta differ from each other 
in respect of elements and revolutions etc. That the former is older than 
the latter is evident from the fact that Varahamihira has incorporated only 
the former. The date of the latter will be considered later on. 

The above figures from the Surya Siddhanta of the Pancasiddhantika 
completely agree with those from the Pulisa Siddhanta and cited from Utpala 
above. It will be shown later on that Brahmagupta has adopted in his work, 
"Khandakhadyaka", all these elements except those for the Moon's Apogee 
and the* Ascending Node. It will be seen that all the elements from the Surya 
Siddhanta of the Pancasiddhantika, except those for the length of the year 
and the revolutions of Mercury and Jupiter, completely agree with those 
of the Siddhanta of Aryabhata which are given later on. It will be shown* 

♦Jupiter's 'Ksepaka' (epochal position) as given by Bbasvatikarana agrees with the 
calculated result, "if 364224 be assumed as the Jupiter's bhaganas (revolutions) instead of 
364220 ; but this (364220) can be proved to be the Jupiter's 'bhaganas' according to Panca- 
siddhantika, from the multipliers and divisors, as mentioned in the first half of the 2nd couplet 
of the 16th Chapter, given above. Accepting 364224 as the correct number, 100 revolutions 
require 433227 days. Utpala's Pulisa Siddhanta and the modern Surya Siddhanta give 
364220 as the number of Jupiter's revolutions and on the basis of this very number one can 
arrive at the Jupiter's 'Ksepaka' according to Khandakhadyaka. The Siddhanta of AO^abhata 
states 364224 to be Jupiter's bhagana ; and Varaoamihira, while describing in the 8th 
ehapter of Brhatsamhita, the method of finding the 'Barhaspatyasamvatrsa' (Jovian year) 
for any saka year, assumes a Ksepaka which can be obtained by assuming 364224 as the 
Jupiter's bhagana. 
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further, that the mean planetary positions for the epoch, have been obtained 
from the Bhasvatikarana, by borrowing from the Surya Siddhanta of Panca- 
siddhantika, the elements for all planets, except Jupiter, and applying the 
corrections suggested by Varahamihira separately, in the 10th and 11th 
couplets of the 16th Chapter of the Pancasiddhantika. 

Albiruni statesf that the Surya Siddhanta was compiled by Lata ; but, 
the Surya Siddhanta of the Pancasiddhantika is not compiled by Lata. Prof. 
Weber saysj that the Surya Siddhanta must have some connection with 
Ptolemy, Both these points will be discussed later on in the course of the 
study of the modern Suryasiddhanta. 

The above study of the five Siddhantas, includes that of their dates also- 
They are, Paitamaha, Vasistha, Paulisa, Saura, and Romaka as seen in their 
chronological order. It seems that Romaka belongs to a pre Saka period 
and the remaining four were older than it. 

THE PAURUSA (HUMAN) AUTHORS OF ASTRONOMICAL 
WORKS BEFORE SAKA 420 

The Pancasiddhantika mentions names of some authors of astronomical 
works and no other source than this is available for obtaining any information 
about authors or writers of works before Saka 420 . 

The followirg references are found in the Pancasiddhantika — 

(3) The first two of the five (viz. Paulis^and Romaka) have been ^described 
by Latadeva. 

(44 & 45) The purport of these very important lines from the 14th chapter 
is as follows — Latacarya has enjoined the calculation of ahargana 
from the moment of sunset (on the horizon) of Yavanapur. * . 

(The moment of sunset at Yavanapur coincides with that of midnight at 
Lanka). Simhacarya has enjoined the calculation of ahargana from the sunrise 
at Lanka, while his preceptor enjoins the adoption of ten muhurtas (i.e. 20 
ghatis) in the night for the calculation of ahargana in the Yavana country. 
Aryabhata after stating the commencement of the day as from the midnight 
at Lanka, has again defined the day as begining from the sunrise* there. .The 
name of Simha's preceptor referred to here is not known. Here is a reference 
quoting some more names : — 

fSee Dr. Kern's Preface to the Brhatsamhita and page 2 of the Translation of the Surya 
Siddhanta by Burgess. 

JSee page 3 of Translation of Surya Siddhanta by Burgess, 

* Aryabhata's reference of the commencement of a day at sunrise at Lanka will be given 
later on. The reference of the day commencing at midnight in Lanka is not found in the 
Aryabhatiya. 
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imm sparry. 



"Praayumna broke down in the matter of Mars and Vijayanandi in the 
matter of Jupiter a™d Saturn ■. ". 

These are the names mentioned by the Pancasiddhantika. Of these, an 
accourt of Aryabhata will be given later on. All these names occur in Brahma- 
gupta's Siddnanta also. All of tnem have been criticised by Brahma- 
gupta in some way or other. r We do not come across any.mertion of their 
merits. Tne statement that Srisena has adopted some elements from Lata 
in his work, Romaka, has already beer given above. Varaha remarks that 
Lata has commented upon the Pulisa and Romaka Siddhartas and this 
commentary cannot possibly contain his own views. This shows tnat Lata 
must have compiled a separate work. Brahmagupta elsewnere observes :— 

. ^\ if 

K=: II 
3P3TPT \\ 

It shows that Latacarya had perhaps compiled a work. Similarly" 
Simhacarya also had compiled one. Even Varahamihira has remarked 
in one of the above mentioned couplets that Pradyumra broke down nr respect 
of Mars and Vijayanandi about Jupiter and Saturn. The 'Karana' works 
of both these authors are described as 'padakarana'. In one of the couplets 
given before, Brahmagupta says that Srisena has borrowed the Vijayanandi s 
padas. This remark is unintelligible, and it is not clear if 'pada' means a 
'yugapada'. 

Anyway, it appears that Lata*, Simha, Pradyumna and Vijayanandi were 
authors of .astronomical works who lived before Saka 420. 

THE FIVE MODERN SIDDHANTAS 

(Surya, Soma, Vasistha, Romasa and Sakalya's Brahma Siddhantas) 

The Pancasiddhantika included all the siddhantas excepting the Somasid-^ 
dhanta, and it has already oeen showr that these siddhantas and those w. ich 
are to be corsidered now, are different, ard this fact will be further corro- 
borated by the discussion which will follow. The siddhartas whose study 
is going to be made now are extant present and are different from those 
belonging to the Pancasiddhantika group ; and that is why the epithet 'modern* 
has been applied to them. Although there is no definite evidence to show 
that there existed or still exist two Somasiddhantas, still it is completely 

•(■The word 'ahkaciti' also seems to be a proper noun. 

♦After studying the contents of V<idaAga Jyotiea and the above discussion, it will be 
seen that there is no sense in the suspicion expressed by Weber that Lata msut be the same a« 
Lagadha. 
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similar to the other four, and it is desirable to study it (i.e. Somasiddhanta) 
along with them. After a general discussion of the five siddhantas, each 
of them will be considered separately later on. 

Apauruseya i.e. Divine 

All the five siddhantas declare themselves to be divine and they are actually 
so regarded. No other siddhanta is regarded as divine except these five 
siddhantas, and some or all of the siddhantas from Pancasiddhantika, and 
Visnudharmottara Brahmasiddhanta. Even if there were some other sid- 
dhantas regarded as divine before, they are not at present available. The 
Vyasasiddhanta, Garga siddhanta, Narada siddhanta and Parasara siddhanta 
are also divine ; but thejse should better be called Samhitas than Siddhantas. 
The author does not think that a work known- after Vyasa and others, and 
dealing with subjects usually found in siddhanta and in their usual order can 
be available at present ; and if there be one, he has neither seen nor read it. 
The number of revolutions and other elements are quoted by European, 
scholars from the Parasara Siddhanta ; bu,t these are given in one of the Chapter 
of second Aryasiddhanta as taken from Parasarasiddhanta. The siddhanta 
as an independant work is not available. This point will be considered at 
greater length in the study of the second Aryasiddhanta. The Brahma- 
siddhanta by Visnudharmottara (Puran) will later on be discussed at greater 
length. The most ancient of the 'paurusa' (i.e. human) siddhantas is the first 
Aryasiddhanta. Its date is Saka 421. All the siddhantas enumerated at 
the top may not necessarily be more ancient than this. It is, however, felt 
that at least one of them must be older than that, Because all are similar 
to one another, and because these are also regarded as divine, it will be proper 
to describe them first, just after the discussion of Pancasiddhantika. 

At first the numbers of revolutions and other elements mentioned by all the 
five siddhantas, which are the same in all the works, are given below :— • . 

The elements given by the Surya, Soma, Vasistha, Romaka Siddhantas. 
and Sakalya's Brahma Siddhantas ':— 



Years spent in Creation 



17064000 



Number 






In a Mahayuga 


Revolutions of 'stars* 1 582237828 


Revolutions of the Sun . 


• 


* * ' 


4320000 


Savana days . . . . 




• * 


1^77917828 


Revolutions of the Moon 




* 


37753336 


" Moon's apogee 




, 


488203- 


" Moon's anomaly 




» • • 


57265133 


'* Moon's node 




• * 


23223a 


*' Mars 




• • • 


2296832 


*' Mercury 




• . • 


17937060 


'* Jupiter . 




« ■ • 


364220 


** Venus • 




* * * 


7022376 
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Revolutions of Saturn . . . . . 146568 

Lunar morths . . . . . . 534^3336 

Lunar tithi . . . . ... . 1603000080 

Solar months 51840000 

Intercalary months' . , . . . . 1593336 

Suppressed tithis . . . . . . . 25082252 



No* of revolutions in a 


Kalpa 


Aphelion 


Node 


387 


* • 


204 


214 


368 


488 


900 


. 174 


535 


903 


39 


60 



Timet 



Sun 

Mars x : . . • 

Mercury .... 

Jupiter . . . . 

Yenus . 

Saturn . . . 

The Yuga System 

These give 17064000 as the number of years elapsed after Creation, and 
some thing must be stated about this. Some idea about the yuga system 
has already been givei? in the Introduction. According to Brahmagupta 
and his followers, the creation took place at the beginning of Brahma's day, 
and at that moment, i.e. in the beginning of Kalpa, all the planets, their 
aphelia and nodes were conjoined together with the first point of Aries. 
According, to Modern Suryasiddhanta and other siddhantas which follow it, 
the world was not created at the beginning of Kalpa but Brahma required 
47400 divine years that is a period equivalent to 39| Kali yugas for creating 
the world. All planets, their aphelia and nodes came together when so much 
time elapsed after the beginning of Kalpa, and then the planets began to move. 
Aryabhata II holds almost the same view. He, however, supposed a different 
number for the period elapsed in Creation, which will be mentioned later on. 
Similarly, the views of Aryabhata I, will be given later on. We have no means 
to know the views of Surya and other Siddhantas of the Pancasiddhantika. 

According to the modern Suryasiddhanta, all planets are supposed to come 
together by mean motion, in the beginning of the present Kalivuga. Similarly, 
*vLi planets * ere together, at the end of the Krtayuga when the Surya- 
siddhanta was compiled. The numbers denoting revolutions of planets in 
a Mahayuga are divisible by 4. Hence, each planet makes complete revoultions 
ma period equivalent to 2\ (i.e. 10-^4) Kaliyugas, and therefore, all planets 
will come together after each such periods of 2\ Kaliyugas. A period equal 
to 4567 Kaliyugas passed after the beginning of Brahma's day till the beginning 
of the present Kahyuga. This number is not divisible by 2\ ; hence, all the 
planets cannot be shown to be together .at the beginning of Kalpa unless it 
»e assumed that some years must have been spent in creation. Supposing 
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that a period equal to 39i Kaliyugas passed in creation the neHoH -i 
between the setting in motion of planets to the comme^ement S 1?^ 
Kahy^ccmes to be (4567-39|=45274) Kaliyugas. This Tur^ *S 
by 2f. Hence, after supposing that all planets were together in the w • 
of creation they will be found to be together in the begfiTniig of the^T) 
Kahyuga and at the end of Krtayuga before it. SiniilAy Kg JFfo 
assumed number of revolutions in a Kalpa, the aphelia and nodes wil7l£ se« 
to be together only ir the beginning of creation and at no other time. 

General Description 
Of these five Siddhantas, the Suryasiddhanta is very famous. It has be™ 
commented upon by mary, and it has been even printed and published tE 
remaining four Siddhantas are not much kno*n. Of them Te Vasi^! 
siddhanta, consisting of 94 couplets ir 4 Chapters, has bee? ^bushed *bv 
Vindhycvan Prasad Sarma of Varanasi. No other siddMnta in printed 

all the four siddhantas. There is a manuscript in the Deccan ColWe rniw + - 
entitled 'VasisthasiddMnta-Bhugoladhyaya' which is ^different onlvf S ^ 

of 1869-70 A.D.) It has two chapters which contain 133 verses in all Of 
them the first chapter consisting of 121 couplets, contains a description of 
the Universe as ir other siddhantas. The second chapter gives onlvtS 
measures of orbital lengths. The numbers of revolutions and other elemerrtJ 
in both the Vasistha Siddhantas are exactly the same ; and hence it Sd 
be correct to say that there is only one Vasistha Siddhanta and not So ?M* 
point will be discussed to some extent later on. °' Lpl * 

It has no doubt been remarked above that the numbers of revolutions 
and other elements are the same m all the above mentioned five siddSas - 
but a slight departure was noticed which ought to be mentioned Tm£?» r 
script copy of the printed Vasistha Siddhanta is kept in the Deccan S^ 

fir^haU 11 :-" 36 - im ' 7l) and the ^UwpteZ^t^ 

in o7e h lSy^ga » reVOlUti0nS **'*"* ** " eSterly direction is 1*2237516 

^ T i h ?- num ^ of f vana days in a Mahayuga, as deduced from the number of 
revolutions of 'stars' mentioned m this couplet, prove to be 1577917516 «hl* 

from that of all other Siddhantas. But this verse is not found in the book 
printed in Varanasi. Even the second version of Vasistha Siddhanta referred 
to above (Deccan College .collection, No. 78 of 1869-70) does not Jve^ne 
number of revolutions of stars. Again, the, Siddhantasf, which hive been 
mentioned by Kamalakara (S. 1580), the author of Siddhanta-tatvaviveS 
VaJP¥ "*£* Slimlar , t0 ^ryasiddhanta include even this very VasisthT 
siddhanta. It appears fronrthis that the couplet given in the Deccan College 
copy 1S interpolated, and that is why the numbers of revolutions and other 
elements in the Vasisthasiddhanta have been mentioned. as bearing " 
blance with those of ot her Siddhantas. °c™g a resem 

-3«M5£ Y&ttyif ttX'*" *- — ktt * *»° tin « ** 

fScc Chapter on M bhaga*a n&t*" vers* 65. * 
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The Date 

Let us corsider in a general way the dates of these five Siddhantas. 

Bentlev has found out a method of determining the date oi, compilation of 
a ,o k on as ronomy and from it he has fixed 1091 A.D or Saka 1013 as the 
date of the modern Siirya Siddhanta. The method is as follows :- 

To calculate the mean positions of planets with respect to the sur from 
the formulae given by the siddhanta whose date is to be found and then after 
<omDarinfi them with the corresponding mean positions calculated from 
modern European books on astronomy, to see for what date, the planetary 
positions, as given by the siddhanta prove to be true in the case of each planet, 
and then to fix up the date of the siddhanta by adopting the average date. 
This method appears to be correct at' first sight, and there can be no mistake 
if we accept Bentley's assumptions. But it is wrorg to follow this method 
as can be seen from all considerations and the dates found out on that basis 
will not be reliable. The reasons are as follows :-Bentley s big mistake 
lies in the fact that he compared the mean places of planets calculated from 
tne correct European tables, with those obtained from the Hindu astronomical 
works But the mean planets cannot be seen in the heavens ; wnat is meant 
is that the planets will be seen to occupy those, positions in the heavens which 
are found as true longitudes and not as mean. Whenever the Indian astro- 
nomers compiled their original works or found that the planets did not occupy 
places as indicated by their original works, they rectified their original works 
bv applying suitable corrections (bijasamskara)as applicable at their time. 
They must have done this with the help of observed positions, i.e. the places 
which they saw the planets actually occupying m the sky. The difference 
between the mean and the true place of a planet may be J^rmed as 
'phalasamskara" (equation of centre). If tne value of this phalasamskara 
and the method of applying it be the same in the European and Hindu 
works, there would be no harm if the method of finding the date of a 
work on the basis of mean place be followed ; but it is not so. The 
'phalasamskara' to be given to the Sun is never less than 2 according 
to any Indian work while that according to the European works it is about 
1° 55' at present ; and this equation is not always the same. The authors 
of European works have proved that this equation was 2° 10' at 3000 B.S. 
(before Saka), but is gradually decreasing. The Moon's equation according 
to the Hirdu works is about 5°, while according to European works it some 
times comes to 8°. The equation adopted by the Hindus is very erroneous. 
The figures denoting equations for other planets also are somewhat different. 
Similarly, the methods of finding the true place from the mean place and the 
elements for the 'mandocca and Sighrocca' (aphelia) are differert in the two 
kinds of works. Hence, it should not be taken to be a rule that even if the 
mean longitudes of planets, as calculated from the Hindu as well as the Euro- 
pean works agree, that will result in the same figure for true place, and 
conversely, it cannot be said that a similar figure for the true plate obtained 
from both will not necessarily give the same figures for the mean longitudes. 
Similarly, whatever difference be found in the two will not be found to follow 
the same law for all times to come. If under a particular case, similar values 
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of mean longitudes calculated from the two," be seen to yield similar figures 
for the true longitudes as well, they will be found to give different value in 
another case. For instance, if the mean and true places of Saturn, in Leo 
be found to be the same figures according to both the works, it is not certain 
that similar results will be obtained for the Saturn in Scorpio. Hence, the 
variation in values of the equation of centre and that in the methods of finding 
them, would be found to lead to a variation of some centuries, even when the 
variation in the values of equations as found from the two works be very 
small. For instance, the following errors were noticed in the planetary position 
according to the modern Surya Siddhanta in the years noted below and as 
found by Bentley : — 

538 A.D. 1091 A.D. Correct 

year A.D. 

Moon* . —0 18 30 —0 11 1097 

Mars +2 26 30 +0 58 29 1458 

Jupiter '.. . . . . . . —1 21 47 +0' 41 14 906 

Saturn . . . • ... +1 50 10 —1 4 25 887 

- This shows that the error in the place of Mars in 538 A.D. was about 2^° 
and in those of others less than 2°. The error in the case of the Moon was 
extremely small. The places of all planets can possibly be found to be the 
same as the true places calculated by European tables and true for some 
moment during some particular revolution of those times ; that is in other 
words, they can prove to be most accurate ; and hence it can be said that if 
the places of planets given by the Surya Siddhantaf agreed witn those calculated 
from European tables for some date during the decade near about 538 AD • 
then the Surya Siddhanta can be said to have been compiled about the 
year 538 A. D.. The compilation of original works of the Hindus or the 
corrections applied to them must have been based on the experience of at least 
25 or 30 years ; and there are no means to know which planets were observed 
on what dates and how, during this period. Hence, the method of determining 
of the date of compilation of a work according to Bertley's method is not 
faultless. Prof. Whitney has pointed out some of the drawbacks of Bentlev's 
drawback *"* * 0t pointed out the above very im P°rtant ard main 

Bentley himself has considered the pros and cons of this method but 
has not considered these objections. a> out 

Another point is that Bentley, while comparing the places of planets has 
only calculated their distances from the Sun, but has not considered the TeWS 
the Sun s place as given by the Indian works, and which has crept in because of 
a small error in the length of the sidereal year adopted by our works Prof 
Whitney has pointed out that the consideration of this point will show that the 
Sun s place given by the Surya Siddhanta would be for the year 2 50 A. D The 

thtk *Y£® n **? Planet's place is seen to be in advance of that obtained by Eurooean ~&m^ 
& *Sl 0n * **&** *>y P'* 8 •(+) sign, and when it is behind, it isdeSdby M& 

fcsKoltS'SoV he£ sc of Mercuiy aad Venus excceded 3 ° attd **£*? SUSS 

datl^Hnri^ 6 ?^ the P° sitio °? of aI1 P lan ets be calculated from both the works for difffemnt 
? n?r£Su 8 -?\ 10 °u t* 1 !™** 1° years « tt ™* *» shown tha * toe planetary places do aSeS 
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Indian authors could possibly Have determined the corrections (Bijasamskara)* 
to be applied to planets by two methods. One method of determining the correc- 
tion for a planet is by observing its conjunction with stars, and the second is by 
observing its place by the 'Nalikd' instrument. Tne lergtn of a year adopted 
by our works which is nearly equal to that of the sidereal year but actually 
exceeds it by about 8 palas and this (variation) leads to a gradually increasing 
error in the longitudes of stars. The error at present is about 4£ degrees. (The 
difference in the Patawardhan's almanac and other nirayana almanacs is due to 
this fact). Hence, if the corrections were determined from the conjunction of 
the planet with a star, it is bound to err, because the place of the star with which 
the planet was conjoined, was erroneous, and the date of compilation of work 
found on this basis must also err. The second method is that of observing a 
planet by the 'nattka' instrument. These methods of observation necessitate 
the conversion of the planet's place irto a tropical (sayana) form ; ard although 
the. adopted motion for the equinox is somewhat erroreous, the correction 
is not likely to go very wrong because the time taken by a planet or the sun 
to come to equinox does not differ much. Hence, becuase the corrections 
have been determined by this method, the date of compilation of a work, 
as found by Bentley's method of comparison of errors in planetary places with 
respect to the sun, can be accepted ; but tne time when the sun, accordirg to 
our works is found to come to the equinox, is somewhat erroneous. Because 
of this and also because the correction can possibly have been erroneous to 
the extent to which the observed results would be approximate, the date of 
compilation of a work can also be erroneous. The third poirt to consider 
is that, if it be supposed that Bentley's method is correct, it will be proper 
to use his method, if the author of the work, whose date is to be determined, 
has given the positions of planets by actual observation. But it will be of no 
use to apply the method, if the author has incorporated ir his work the planet's 
places exactly as they are given in another work. If the correction given by 
Bhaskaracarya in his work be set aside, the elements of revolution etc. giver by 
him are exactly the same as those given by Brahmaguptasiddhanta, and hence, 
the date of compilation of both these works will, by Bentley's method, come 
to be the same ; but the fact remains that Bhaskaracarya compiled his work, 
"Siromani", 522 years after Brahmagupta's Siddhanta. The correction 
given by Bhaskaracarya' s work is found even in Raja Mrganka, a work of 
Saka 964. (More discussion about this will be given later on.) Hence, the 
dates of Raja Mrganka (Saka 964), Siddhanta Siromani (Saka 1072) or of 
Karanakutuhala (S. 1105) will come to be the same by Bentley's method. 

Bentley's method proves useless if the dates found by it are compared 
witii the actual dates. The author attempted to apply the method in the case 
of the Siirya Siddhanta of the Pancasiddhantika and the first Aryasiddhaata 
and these are the inferences : — 

*If it is foundthat the place of a planet as calculated from a Siddhanta does not agree with 
the observed place, it is decided to apply suitable correction to the motion and place of the 
planet as given by the work and this correction is known as *BIja\ 
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The year when the 

planet according 

to Suryasiddhanta 

would be correct 


The year when th« 

planet according 

to first Aryatid- 

dhanta would be 

true 


Saka 




Saka 


520 




468 


482 




482 


— 




523 


457 




457 


93 




734 


772 




480 


409 




409 


574 




574 , 


3307-^7=472 


4127- 


^-8=516 



Moon 

Moon's apogee . 

Moon's asc. node 

Mars 

Mercury 

Jupiter 

Venus 

Saturn 



This leads one to infer* ihat the Surya Siddhanta of Paiicasiddhartika 
*as compiled in Saka 472 and the first Arya Siddhanta in Saka 536. But it is 
beyond controversy that the first Arya Siddhanta was compiled in Saka 421 
and it has also been shown before that the Surya Siddhanta of Paiicasidd- 
hartika must have belonged to a period much earlier than Saka 421. Bentleyf 
has determined 1288 A, D. (Saka 1210) as the date of the Arya Siddhanta 
consisting of 18 chapters (i.e. the second Arya siddhanta) and 1384 A. D. 
(Saka 1306) as that of the Parasara siddhanta ; but reference to some subjects, 
in the second Arya Siddhanta is found in the Siddhanta Siromani. This 
shows that the second Arya Siddhanta must belong to a period earlier than 
Saka 1072 A. D. and references to ParaSara Siddhanta also are found in the 
second Arya Siddhanta. (More discussion about this will follow later on). 

This will clearly show that the dates found by Bentley are not at all reliable 
and that the date of the Surya Siddhanta (viz, Saka 1013) determined by 
Bentley is not worth considering. 

Let us, therefore, independentlv consider the matter of dates of the^ five 
Siddhantas. " ' 

Brahmagupta observes, 

'This very Siddhanta has been compiled by Surya, Indu, PuliSa, Romaka, 
Vasistha, Yavanacarya and others". / 

The Indu Siddhanta, mertioned in this,, is the Soma Siddaanta itself. It 
shows that there existed a Soma Siddhanta before the time of Brahmagupta. 
No evidence is available to show that there existed some time before, a Soma 
Siddhanta, different from the Soma Siddhanta now available. No such 
Siddhanta is either available at present, or there is no evidence of its avail- 
ability. Where then is the harm, if we say that, in the absence of any evidence 

*Places of planets to be calculated from European tables have been calculated from the 
^cropant's Planetary Tables. If more accurate table would be followed, a variation of oaly 
* to 10 years rfiay possibly occur. 

tSee Bentley's work (1823 A.D.) Part II, Section III. 

1 D.G.O./69 4 
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Brahmaguptas time mTght have & ff, '£" to So °? Siddhint « in 
modern Soma Siddhanta but bo.h rf .w ™ V ,2e , and <°™'> to the 
numbers of revoh,fo° 5 ^d other el em en™e?c * S ' m " ar m "" matter of 

It has been shown above that there existeri in th+ r ;™- e » t 
Romaka Siddhanta by Srisena and a Vas?sth fl SiSf 5 Tl of ,? raluiia 8 u Pt* a 

&c?° b ^ 

time, are the same as the modern Romaka anc I Cis h liddhllT^ 
have reasons in support of them rw J7f S, ■ ,?.•*, a blddhan tas and we 
show that there eveVexiSed^hir?^ro em * V hat there is no evidence t0 
other than Vhe RoSaka and Va stha SlAT^ ^ Vasi ^ ha Si ^hantas. 



found in that 

printed at Yaranasi :— 



^f itmtfr: *m*nr* ^: , , ^r* ^^ ^ f^^ |( , §| 

(The general sense is as follows) : 

^^^^o^Z^S^r^c^vT^ S T e ^ ? penance ' in celibate 
— . s ^ravour of GodJV isnu, for obtaining the knowledge of 

*^^^^££qS^o!^' 1^ ^an Colle^llection ; but its" 
tWe come 9 rmc ^naradyaih which appears to be a mistake. 
! vve come across versinnc ut» t .<_ r._ y> , . . . . 



latter half 



tWe come ac™ ■ appears to be a mistake. 
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time (principles of science of astronomy). God Madhusudana who is pro- 
ficient in this science, appreciating the good motives of Vasistha and being 
nleased with them both, gave them away the science, as a reward for penance. 
He uttered the words of Science through the two mouths (Vasistha and 
Romaka). , 

Even though these contain certain errors, the verses show that Romaka 
and Vasistha are both associated with the modern Romaka Siddhanta. The 
Romaka Siddhanta existing at the time of Brahmagupta had definitely a^support 
from Vasistha (siddhanta)/ Hence, an inference can be drawn that Srisena's 
Romaka and Visnucandra's Vasistha, existing in the time of Brahmagupta, 
are the same as the modern Romasa and Vasistha Siddhantas. The modern 
Romasa Siddhanta does not mention Srisena's name and the name of the 
Siddhanta has been maintained, through an imaginary sage Romasa.. It, 
therefore, seems probable that the modern Romaka may be different from 
Srisena's Romaka in respect of its wording, still the revolutions and other 
elements must have been the same in both. 

If it be admitted that there existed before Brahmagupta (Saka 550) Sidd- 
hantas which were either completely similar or similar in respect of the numbers 
of revolutions and other elements to the Soma, Romasa and Vasistha etc. 
how can it be said that the modern Surya Siddhanta, which resembles these 
three in respect of elements and which is commanding a greater reverence and 
importance^at present than these three could not have existed before Brahma- 
gupta's time ? The modern Surya Siddhanta or the Soma, Romaka and 
Vasistha, have no similarity with respect to elements with the first Arya Sidd- 
hanta, which existed before Brahmagupta, and with any of the earlier five 
Siddhantas of the Pancasiddhantika. It has already been shown above that 
Latacilrya had compiled a work quite independently ; and according to Brah- 
magupta's remarks, the figures for the mean places* of all planets in Srisena's 
Romaka and Visnucandra's Vasistha had been borrowed from Lat s work. 
It appears from this that it was only Latacarya's work which was similar to 
modern Soma, Vasistha and Romaka, out of those, which existed before 
Brahmagupta's time." This fact, which emerges from the above considera- 
tions, when weighed together with Albiranl's statement that Surya Siddhanta 
was compiled by Lata, lead one to draw the definite conclusion that, the mean 
places of planets i.e. and the numbers of revolutions and other elements in 
the modern Surya Siddhanta, have been taken from Latacarya's works and 
Lata lived before Varahamihira (Saka 427). Hence, it is the author's opinion 
that the elements in the modern Stirya Siddanta belong to a period prior to 
Saka 427. Even if the modern Surya Siddhanta is not supposed to have been 
compiled by Lata, the modern Soma, Romaka and Vasistha Siddhantas defini- 
tely existed before Brahmagupta's time ; and the modern Surya Siddhanta 
is much more revered and regarded as important than any of these three. This 
shows that the modem Surya Siddhanta existed before the three Siddhantas 
and hence, the date of its compilation cannot be later than the 5th century 
or Saka era. 

Let us now consider the five Siddhantas separately and in greater details. 



Tclebrooke interpretes the words as "Mars and other planets were taken from Vasiptha" 
But ccnsicei ing all facts with reference to the context, I think that the lines should be mterpra- 
te d in the very way in which I have rendered them. 

4a 
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SORYA SIDDHANTA 

Subject Matter and Date 

The modem Siirya Siddhanta has 14 Chapters. All of them together 
contain 500 verses in 'anustup' metre. The verses at the beginning, out of 
those which have givea the numbers of revolutions and oth^r elements etc. 
above, show that a person who was, a "part of God Sun Himself" described 
by Sun's order, this Siddhanta to Maya, an Asura, at the end of the Krtayuga- 
It means that 2164996 years elapsed after its revelation, till the beginning Of 
Saka 1817. 

An inference has been drawn above that the modern Surya Siddhanta 
was compiled by Lata and hence, it must have existed in a period: much earlier 
than Saka 427. It, however, seems that it had not received 'Surya Siddhanta 
as the name at the time of Varahamihira, because the Pancasiddhantika contains 
only one Surya C iddhanta, and it is different from the modern one. A reference 
to the Surya Siddhanta has occurred at two places hi Bramhagupta Siddhanta. 
The couplets have already been given before ( See page 7 ). We have no- 
reasons to say that there were two Siirya Siddhantas at the time of Brahmagupta, 
and hence, it cannot be said for certain that in his time also, the modern Sury* 
Siddhanta had received 'Siirya Siddhanta' as its name ; and even if it had, it 
clearly appears not to have received so much importance. Because he h*» 
taken in his work, Khan#khadyaka, elements, not from his own Siddhanta or 
from the first Aryasiddhanta or from the modern Surya Siddhanta but from 
the Surya Siddhanta of the Pancasiddhantika, Hence it cannot be said for 
certain as to when the modern Siirya Siddhanta received the name 'Surya. 
Siddhanta or inspired a feeling of reverence.' There is, however, some room 
for drawing an inference. 

Even if the modern Surya Siddhanta were compiled by Lata, it is not pro- 
bable that all the verses in it were compiled by him. Some or almost all the 
remaining verses in it, except those mentioning the elements in the chapter on 
mean places, might have been taken from the original Surya Siddhanta, that is, 
the one belonging to the Pancasiddhantika group. Otherwise, if the Lata s 
work be not in the same form, as the present Siirya Siddhanta, some one else 
must have compiled the modern Surya Siddhanta, by borrowing number of 
revolutions and other elements from Lata's work and the remaining verse? 
from the original (ancient) Surya Siddhanta soon after the Pancasiddhantika, 
and two or three centuries later, it must have been an object of reverence, 
when the traces of its authorship were lost and forgotten. 

Brahmagupta remarks ( see page 8 ) that the Romaka and Vasistha 
Siddhantas were compiled by adopting Aryabhata's method of geocentric 
calculations of planets ; but the main elements of degrees of epicycles (pari- 
dhyamsa) which are so necessary for the geocentric calculations as given by 
Surya, Romaka, and others, do not agree with those of Aryabhata but with 
the original Surya Siddhanta in many respects. (See the elements given in the 
first chapter on 'true places' later on). 

The .inference which follows is that either Lata or whosover be the author 
of the Surya Siddhanta, he adopted only, different numbers for revolutions and 
other elements etc. but borrowed the remaining items from the original SurK 
Siddhanta or retained them, word for word, as given in the original Strya 
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Siddhanta* Similarly, Brahmagupta clearly says that the elements given by 
Sri§ena's Romaka and those in Visnucandra's Vasi§tha belong to Lata himself* 
It seems that some one afterwards adjusted these Siddhanta with the original 
Surya Siddhanta in respect of principles, by omitting the remaining items which 
were taken from the first Aryabhatasiddhanta. Utpala has in his commentary 
on the 18th chapter of Brhatsamhita given the following verse, preceded by 
*'rathacacaryah Visnucandrah", meaning "so says the Acarya Visnucandra : — 

' When Mars or any other planet along with the moon, are conjoined with 
the Sun in a (heliacally) set condition, it is described as a fight, even when the 
pjanets are united together." 

This is in Arya metre, and both the versions of Vasistha Siddhantas are in 
■anttstup metre. This also leads one to infer that some one must possibly have 
compiled the present Vasistha siddhanta on the basis of Visnucandra's Vasistha 
Siddhanta. The same is possible about the Romaka also. 

Maya 

There are some annotated versions of the Surya Siddhanta in the Ananda- 
£rama, Poona, some versions contain only the text. Here the author came 
to knew that the 7th verse in the first chapter (on mean places) in one of the 
books (No. 2909) without a commentary, is not found in the annotated version 
It si suds thus together with the foregoing and following verses : 

(Oh Maya !) you will not be able to bear my lustre (and) I have no time to 
tell you (anything of the Science). This man, who is my own part, will tell you 
everything. Therefore, go back to your town. I will be born as a Greek 
<yavana) because of -Brahma's curse, in the city of Romaka. There I will 
initiate you in the Science. So saying God Sun vanished from sight. 

This verse stands as the verse intermediate between the 6th and 7th verses id 
the annotated version. The 7th verse when looked taken in the light of its 
context appears to be altogether disconnected. This verse was found in the two 
versions of the Surya Siddhanta without a commentary and in the possession 
of the Rev. E. Burgess, translator of the Surya Siddhanta, but was not found in 
the annotated version. Whitney in his notes on the translation, has expressed 
his views regarding this verse as follows : — 

Although it is true that this verse is clearly out of place here, between the 
5th and 7th verses of the present edition, still it is found in several manuscripts 
of Surya Siddhanta and it is not probable tha< it has been purposely deviced 
and introduced. Hence, the first seven or eight verses at the beginning which 
a^e found in the present annotated edition, must have been newly inserted by 
some person to describe how Maya got the Surya Siddhanta. Originally, 
only the above quoted verse along with similar others, must have occupied 
that place ; and it shows* that the Surya Siddhanta must have undbuMMly 
some connection with the Greeks in some way or the other ; hot only this but 
the Science must have been obtained by the "Hindus from the Greeks. Evan 



38 History of Indian AstliONOiiY 

the modern Surya siddhanta states that the *Surya Siddhanta was revealed t* 
Mavasura' What was the propriety in selecting a demon (an 'asura) as the 
medium of revelation by the Sun ? This point also indicates un asspciatioa 
with the Greeks. - 

Ptolemy 

Weber says that according to Hindu inscriptions Turumaya was the name of 
king Ptolemaios' of Egypt. From this Asuramaya appears to have been a 
corruption of Turumaya, and Maya seems to be the Ptolemy* himself who was- 
the author of the Almajest. But it has already been pointed out that Ptolemy'* 
work has no connection with the original Surya Siddhanta. Similarly, the 
numbers of revolutions and other elements of the modern Surya Siddhanta 
given above do not at all tally with those of Ptolemy. This clearly shows that 
Ptolemy has absolutely no connection with the modern Surya Siddhanta. 

, A Relation between the two Surya Siddhantas 

Utpala's commentary on the Brhatsamhila quotes the following verses a* 
belonging to the Surya Siddhanta : — 

qffit^q reread $m vims ?fk: n sre ^li+faw ^ fs^faf ^?*w n 
^rssrct 5rftRv«3T»rt ^ ^mrf (?) flTfar^ n v*n fkqft&famtte: Wtt^s^t u 

"The sun illuminates half the disc (side ) of the moon, even if it is occupying 
the lowest position (with respect to the sun) ; and. the second half is never ; 
illuminated. 

The sun is a sphere of lustre. The planets, the.stars and particles of water \ 
shine brightly when they are illuminated by the sun. . ' ■ v 

The farther the moon goes away from the sun, while in a lower positional 
the greater portion of its disc becomes visible to (people on) the earth." 1 

■ — Chapter 4 en Moon's motion-'.] 

"While the sun is situated in the house opposite to that of the moon,' and ^ 
when the moon, having no latitude, enters that portion of the earth's shadow 
which intercepts the moon's orbit, the lunar eclipse takes place. 



*u*l p *' e . 3, T 1 * * 1 **"" 1 of the Sfirya Siddhanta by Burgess.. The statement of 
ha* not been jwen above word by word, but only its summarised foraa. 



Weber 
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» 

When the sun's surface is obstructed by the moon who is passing in a 
downward direction and when people on the earth aje unable to, see the sun, 
then the solar eclipse takes place. 

The *earth's shadow which is cast by the sun's rays, falls only on one half 
(Portion) of the moon's disc which is escaping from the darkness cast by Rahu. 

— Chapter 5 on Rahu's motion* 

These verses are not found in the modern Surya Siddhanta. It is not 
therefore, certain if they at all belonged to the original Surya-Siddhanta. If 
they did, it may be said that the modern Surya Siddhanta was not held in great 
reverence at the time of Bhatotpala (Saka. 888). 

Bhatbtpala, in the course of his discussion of Mahakartikadi Samvatsara* 
in the chapter on gurucara, in the commentary on Brhatsamhita, observes. 

"Some 5 (astronomers) when they find that Jupiter has come to the star 
Kritika, and Caitra has started, reckon the beginning of the cycle Of Maha- 
kartikadi years and also that of the prabhava year, on the basis of the star 
with which they find the moon to be conjoined." 

The method of naming the years of the Mahakartikadi Series, as given i* 
the modern Sfiryasiddhanta, is as follows : — 

* 

TnrrsqTT 

In Vaisakha etc. , a c onjunction {yoga) in the dark half-month (kvsna on 
the 15th lunnar day (tithi) determines, in like manner, the years Kartika etc 
of Jupiter, from its heliacal setting (asta) and rising (udaya). 

Chapter on Elements, 

These two have much similarity and this method of naming the Mahakarti- 
kadi years is found in no work other than the Surya Siddhanta. It cannot be 
kown from the Paficasiddhantika if this method was given in the original 
Suya Siddhanta and there i* no other way to find it. If Bhatotpala's quotation 
refers to the original Surya Siddhanta, it would be a good means to prove that 
the verses from the original Surya Siddhanta occur also in the modern Surya 
Siddhanta. 

Lata 

Albiruni, (Saka 952 circa) says that the Surya Siddhanta was compiled by 
Lata. But the original Surya Siddhanta in Paficasiddhantika was undoutedly 
ifot compiled by Lata, for had it been so, Variha would have mentioned it and 

*Different readings are found in different works and the author himself is doubtftl I 
about the word! "bimbasthordhe". We come across bimbasyasthanerdhe, bimbasyordhw* 
«te. J have attempted to give the. likey meaning— Translator. 
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would not have included it in the Pancaniddhsnt;^* a ~ «. 

gupta, the work by Lata is clearly different frS ft ^urySX' ^T 
in addition, criticised Lata's work in two or three Xt? nt f\. "l- 1 *" 8 ' 
S:ddhS„ t a This shows that the Snrya Siddhan freS t^yl^ruS* 
compiled by Lata is not the ominal Surya Siddhanta W tU ™~L ™ J 

from this it appears that the importance of the Sfirv^^V- , i? f u ° ne ' **!? 
lished before Saka 952. nponance 01 tne ™W Siddhanta had been estab- 

The author of Bhasvatikarana declares at the outset of his work :- 

is ^Vtf ^"SSSSi^ * ** Parana) work which 

of tie auTot'of SSSS^ffiCL^-rfSfr W* *"* exi ^ at the time 
rated by . vS£3ST£ 'to^ti******* **** fr ° m thc 0ne incor P°- 

rac/rva S ?" fr ° m ** Sfirya S ^dhanta have been given by Bhaska- 
raclrya himself m his commentary, vasana, on Siddhanta Siromani *~ 

"(1) Forms of Time of invisible shape, stationed in the Zodiac called th* 
conjunction (sighrocca), apsis (mandocca) and node fo£? are 
causes of the motion of the planets." ^ ' * C 

"(2) The planets, attached to these beincs bv cord* nf «,v o~ a 

away by them, with the right and left hand^/ward or' backw^ 
according to nearness, towards their own places ' P backward ' 

on C^w£, remarZ^e nSX t^S fatfo^ ^ 

f^'ptf^mt: sw- ^tfcftrr^r: ^ 1 1 

siddh^ , s WSW'S^ *$ JEflK^rtS 

kra»S^ a Si f n d tf^l f ^ dted 3000 ° 3S *= numb « <* solutions of the, 

sJa^sSs^^Lriy fte° worS ££ ZOd > C "J*""* * *« -"-« 
remark* "tasmannedam nL^.1- --1 ^^ «*u™g in Bhaskaracarya's 
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When held in reverence 

These arguments prove that the modern Surya Siddhanta had achieved the 
position of authority and reverence before the times of Albiruni, Bhasvatlkara 
and Bhaskaracarya i.e. before the first half of the 10th century of Saka era. 
There is no evidence available at present to show what time it was between the 
Saka 550 (i.e. the time of Brahmagupta's Siddhanta) and Saka 950. 

Works Following Modern Surya Siddhanta 

The Karana work written in Saka 1220 by Vavilala Kochana of Tailangana 
completely follows the modern Surya Siddhanta. It has not found any 
Karana work written on the lines of the modern Surya Siddhanta prior to this 
date. The Bhatatulyakarana, written in Saka 1339 gives the sanfie motion for 
the equinoxes as that given by the modern Surya Siddhanta, A work called 
Tdjakasdra, written in or about Saka 1445, has come to the notice. While 
describing the method of calculating the planets' places, it writes, 

"The true places of planets can be calculated either by the method given 
lay Srisuryatulya-Karana work or by the one compiled by Rajamrganka" 

It shows that there existed before Saka 1445, a Karana work named S8ty* m 
tulya. The places of planets in it were, of course, taken from the Surya Sidd- 
Mnta and they must have been from the modern one itself. The figures for 
the length of the year etc, cited by 'Grahakautukakarana* in Saka 1418 as 
having been taken from Surya Siddhanta belong to the modem Surya Siddhanta. 
Cranesa Daivajna, the author of Grahalaghava, says 

Meaning :— The elements for the sun, the moon's apogee and that for the 
moon diminished by 9' have been borrowed from the Surya Siddhanta. 

And these elements have been definitely taken from the modern Surya- 
Siddhanta. Similarly, the tables of Tithi Cintdmani have been prepared com- 
pletely from the positions of the Sun and other planets as given by the modern 
Surya-Siddhanta. (More discussion about this will appear later in the course 
of the comments on Grahalaghava). A commentary on Bhaswatlkarana was 
written by Madhava in Saka 1442, i.e. in the same year in which the Graha- 
laghava was compiled. This commentary includes the verses, giving the 
revolutions of the sun, the moon, and all planets or the figures indicated in 
those verses. These verses and the numbers of revolutions and other elements, 
except those for Rahu, completely agree with those of the modern Surya 
Siddhanta. 

Makaranda is the name of a work helpful in preparing the almanac 
Almanacs are compiled from it in many parts of Northern India at present. The 
measure of the year and the numbers of revolutions and other elements for all 
planets have been taken by it from the modern Surya Siddhanta. The date of 
its compilation as given in the version of the Makaranda work, printed at 
Varanasi, is Saka 1400. This Saka number has not been stated in verse 
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form and no other means is available in the work to prove that it is true,, 
which leaves some room for doubt about its authenticity. Makaranda is,, 
however, referred to by Visvanatha and others which shows that the date 
may be correct. ParamadlSvara, the commentator on the Aryabhatiya has 
given 12 verses* from different chapters in the modern Surya Siddhanta and 
four of them, which are specially important, belong to the chapter on mean 
places, and they mention revolutions of the aphelia and nodes of all planets. 
The date of this ParamadiSvara is not known. The verses quoted by him 
from Surya Siddhania are every where, preceded by the words "tatha ca Mayah" 
meaning "so says Maya". 

The work, Tdjikabhusanna, was written about Saka 1480, by Ganesa Dai- 
vajfia, son of IDhundhiraja and resident of Parthapur (Pathari) near river 
God a'vaii. He has adopted in it the length of the year as given by the original 
S. S. The measure for the year (viz. 365d— 15gh-31p-30v) as adopted by the 
original Surya Siddhanta appears to have been in continued use till the end 
of the 1 5th century, because it was more convenient for calculation than the 
one (365d— 15gh-31p-31v-24pv) adopted by the modern Surya Siddhanta. 

There is a work on Muhurta, named Jyotisadarpana, which was compiled 
in Saka 1479. It casually gives as an example, the ahargana (i.e. number of 
days elapsed) from the beginning of creation to the beginning of Kaliyuga. 
Similarly, the mean places of planets for the midnight of Thursday ir the 
beginning of Kalpa have been given in it, and they are all similar to those of 
modern Surya Siddhanta. 

There is a Karana-work, Mmanncda by name, compiled in Saka 1512, 
which gives the length of the year according to modern Surya Siddhanta. 
Kamalakara, 1580, the author of the 'Siddhanta tatvaviveka' is a staunch admirer 
of the modern Surya Siddhanta. The work Varsikatantra, which follows the 
modern Surya Siddhanta was written sometime between Saka 1400 and 1634. 

Commentaries 
A commentary on the modern Surya Siddhanta entitled 'Gfldharthapra 
kasika' by Ranganatha was written in Saka 1525. An edition of Surya Sidd- 
hanta together with this commentary, has been printed at Varanasi ard Calcutta. 
A second commentary, entitled Saurabhasya was written by Njsimha Daivajna 
and belongs to Saka 1542. A third commentary was written by Visvanatha 
Daivajna and entitled 'Gahanarthaprakasika'. It contains examples with 
solutions and belongs to about Saka 1550. A fourth commentary, written 
by Dadabhal and ertifled 'Kiranavali' was written in Saka 1641. Of these 
four commentaries, that by Ranganatha is more exhaustive and contains a 
good explanation of the theoretical aspect. RanganSfha*s commentary 
contains at 2 or 3 places, the remark** "?f?r ^HTTlf^F sznwf" meaning 
"this is according to traditior", ard he has endorsed the views of others at 
2 or 3 places with the remark-|-«pf=5RT meaning "according to some". At one place 
is found the statement "jpsTT^ 5c*pf ^fa" meaning "modernyt people interp- 
ret it thus". This shows that some commentaries belonging to an earlier period 
were available in Rahganatha's time. Ranganatha has mentioned at four 
places, Parvata, as the name of some commentator, and has given a half-verset 

*See verses 41 to 44 from Madhyamfidhikara ; No. 2 from Patadhikara, Nos. 35 to 40 
from Bhugolftdhyaya and one from Manadhikara. 
**See pages 156, 163, 201 of the Varanasi edition. 
ISee pages 48, 95, 147, Varanasi edition. 

ttSVr VarinasI edition page 201. 

ISet Varanasi edition page 212. 
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characterized as "?Tfif5taa"" (quoted from Narmada). It shows that there must 
have existed some mathematical work of Narmada in which some reference 
to or a corroborative statement of modern Surya Siddhanta could be found. 
In my opinion* the date of this Narmada must have been about Saka 1300- 
Colebrooke says that there is a commentary on the Surya Siddhanta by 
Bhudhara. Similarly, Prof. Whitney f remarks, on the basis of Wilson's cata- 
logue, that commentaries on the whole or part of that work by Mallikarjuna, 
Yellaya, Aryabhata, Mammabhata and Tammaya, were available in the 
Mackenzie's Collections. A commentary by any of the two Aryabhatas on any 
of the two Siddhantas seems to be an impossibility. Hence, there appears to* 
be a commentary by some third Aryabhata. 

Bibliotheca Indica includes an English translation of the Surya-Siddhant* 
made in 1860 A. D. by Pandit Bapudeva Sastri (New series No. 1). It contains 
simply the translation of the text and some notes here and there. The English 
translation of the Surya Siddhanta by the Rev. Ebenezer Burgess was published 
by the American Oriental Society as volume VI of its Journal in 1860 ; and it 
has been printed in a separate volume. It was Burgess who first translated the 
work and added foot notes to it and Prof Whitney further added extensive 
notes on it. Prof. Whitney has admitted his responsibility about the views etc. 
expressed in these notes* It is the opinion of Prof. Whitneyf f that the Hindus 
borrowed astronomy from the Greeks. According to Burgess on the other 
hand it was the Greeks who borrowed astronomy from the Hindus and thi* 
view has been expressed by him at the end of the volume. 

Interpolation 

Rariganatha after giving a half -couplet in his note on the 23rd verse from 
the Chapter on 'conjunction of planets', has remarked that he has not com* 
mented upon the verse, since, it is found only in some works and not in all and 
appears to be interpolated. Similarly, after passing over 1£ couplet in the 
Chapter on 'elevation of moon's cusps' he has given his commentary in the 
next two verses and has remarked "but these appear to be disconnected and 
the method described therein is erroneous, they might have been interpolated 
by some very intelligent person who depended upon the " Dhlvrddhidatantra 
of Lalla". He has also remarked that the four verses beginning from the 5th 
in the Tripramddhikdra might be regarded by some as interpolated, but it is 
not so ; this shows that there were in his timfe some persons or commentators 
who regarded these verses as interpolated. Jyotisadarpana, a work on Muhurta,. 
contains about 19 verses from the chapters on mean places and on elements 
from the modern Surya Siddhanta which tally with those in the modern versions, 
of the Surya Siddhanta ; but there are 3 more verses, not given in the com 
mentary by Ranganatha and inserted between some preceding and following 
verses from the original, and these do not appear contradictory to the context. 

Diffusion 

Out of the authors of Ka^ana and other works which have adopted the 
numbers of revolutions and other elements from the Surya Siddhanta and out 
of the commentators thereon described above, the author of the 
Grahalaghava and Kesava, his father, belong to Konka^a and Madhava, the 
commentator of Bhasvatikarana hails from Kanyakubja, that is, Kanauj, The 

*See the description of Naramada, later on in this very chapter. 
ISee Translation of the Surya Siddhanta by Burgew, page 278. 
ttProf, Whitney died m 1894. 
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author of Makaranda belongs to Varanasi. Paramadisvara, the commentator 
of Aryabhatiya, appears to belong to Malabar province. The author ol 
Jyotisadarpana belongs to Kondapalli which is a village somewhere in Karn- 
ataka and its latitude appears to be about 16° 43 ' North. Viddana, the author 
of Varsikatantra comes from Karnataka, Vavilala from Tailangana, and 
Yellaya* and other commentators also seem to be from Tailangana., The 
commentary of Ranganatha and the 'Visvanathi' were written at Varanasi. 
Dadabhal belongs to South Konkana. The Ramavinoda was compiled^ at 
Delhi in the time of Akbar. this shows that during the period 13th to i5th 
century of &aka era Surya "Siddhanta had spread, almost all over India. 
Although it is true that this period can not be regai ded as very ancient* still 
the work had been universally recognized at the time of Bhaskaraoarya and 
*even before. Another thing (to be remembered) is that, as new Karana works 
see the light of (he day, old ones get lost because they are found useless for 
calculation. This shows that Karana works, compiled on the basis of the 
modern Surya Siddhanta before Saka 1220, must have been lost. 

Terminology 

Words like, Rama denoting 'three', Naada denoting 'nine' Jina and Siddha 
denoting twenty-fout, occur a number of times in astronomical wotks ; but 
it is a surprising fact about the Surya Siddhanta that it claims to have Been 
compiled at the end of the Krtayuga and accordingly,' it nowhere uses the words 
denoting numbers, like Rama, Nanda and Jina who lived after the Krtayuga. 
Similarly, not a single name out of those which are said to be Greek names of 
planets, occurs in the Sufya Siddhattta. Only those terms which have origi- 
nated from Greek, occur at places in it ; e.g. 'lipta' or Tiptika' (Spastadhikafa, 
45, 64,65, 66) hora (bhugoladhyaya 19), kendra (Spastadhikara 29, 45) t There 
are tio means to know if these words were used in the original Surya Siddhanta 
and other four Siddhantas of the Paficasiddhantika, because Varahamihira 
has not given the Siddhantas in the original form. 

Bija (Corrections) 

The work entitled Makaranda gives the following figures of correction as 
from the Surya Siddhanta for being applied to planets :— 



Planets, etc* 


Sun 


Moon 


Mooti*s Apogte 


fHodn's Node 


1*fors 


Mercury . 


Jupiter 


Venus 


Saturn 



In a Maha 


yuga 


Correction to 


Number of 


Bhaganas 


Bhaganas 


No. of Bhaganas 


as corrected 





4320000 





57753336 


-^ 


48&199 


+4 


232242 





229B8& 


—16 


17937044 


. . -8 


364212 


. . -12 


7022364 


" +12 


146580 
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Prof. Whitney, ^fter applying Bentley's method of comparing plafis* of 
planets with respect to tike Sim, has found the time when these corrections^* f£ 
applicable and it comes to be 1541 A.D. (i.e. Saka 1463*) ; bwt it is clew tluit 
the correct time comes to be a date before Saka 1400. Ranganatha Njsiiph* 
and Vifrwanatha have not mentioned this correction in their commentaries but 
it must have been known to them because the Makaranda work was, a well 
known work in their time. It appears to have been omitted by them because 
it was not j^ven in the original. The Rdmayinodakarami (Saka 1512) mention* 
it. The numbers denoting revolutions are similar to those above but the 
corrections for the moon's apogee and Mercury are positive. It may be due 
to the writer's error in the copy (Deccan College Collection No. 204 of 1883-84)u 
The remaining items are exactly similar to those in the above table. The 
corrections given by the work Vdr$ikatantm 9 which is mentioned later on in 
the description of that work is almost similar. 

Ranganatha remarks that some works do not give verse no, 22 that should 
be in the last chapter, that is the present 'manadhyaya', but they close the 
chapter on elements by giving the next verse, and then they introduce a new 
chapter entitled 'bijopanayana' consisting of 21 verses, and close it by writing; 
the 22nd verse from the 'manadhyaya* followed by the remaining four verses 
from it. Ranganatha has simply given the set of 21 verses, calling the chapter 
on 'bijopanayana' as interpolated and has not given their commentary. Even 
the Viivanathi commentary contains those verses. The 21 verses mention a 
correction to planets and the degreesf of epicycles of conjunction. The 
method of calculating the bija correction, reveals that it is zero in the beginning 
of Kaliyuga, that it continually increases for 90000 years, the*a gradually begins 
to decrease for the same number of years and ultimately becomes zero after 
180000 years from the beginning. The numbers of seconds of arc to be applied 
as correction to mean longitudes of planets are as follows : — 

Sun + 1 Mercury'se picycle— —22 Saturn + 7 



750 750 750 

Moon — 3 Jupiter — 30 . 

750 t 750 

Mars + 24 Venus's — 90 

conjunctions-}*! 

750 750 

As the correction asked to be applied to the Sun in this list is positive, the 
length of the year would be reduced by about 5 'prativipals'. The length of the 
year 365d-15gh-31pal-31vipals-24prativ which is without correction, becomes 
365d45gh-31p-31vip.-19prativ. No karana work is found adopting this 
correction. 

Problems 

All subject topics in our astronomical works can be reduced to three, main 
problems. The first is the formation of the Universe and causes of the motions 

of celestial bodies, etc. The second relates to the ihean motions of planets 

^ * ( c Z 

*See Translation of the Suryasiddh&nta by Burgess, p. 20. 

tThe words 'RSma' and *Jina* occurring in this verse, have been used to denote numbers. 

^'Conjunctions' (Stghra) means the planets' conjunctions with the Sun* (R.V.VJ. 
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in a particular period of time and their mean position at a particular moment ; 
and The third if their true motions and true positions, by which is to be under- 
stood their position which is actually observed in the heavens, as being some- 
Xrf different from their position calculated from their mean motions, and the 
^s o?S Sence, §ie elements for finding out this difference at £ parti- 
cular time and the method of finding it ; all problems (in astronomy) can Jus 
be said^o S included in these three types. That branch of astronomy which 
fc known in English as Physical astronomy, is in the author's opinion to belong 
n th^st tv?e of the 'formation of the Universe.' The knowledge of astro- 
noml concerning the second and third types, and specially the third, gradually 
ZXeTwith the growth of this (first) type. There is, however, no harm 
if it be said that no discoveries were made in our country, comparable with 
the several important discoveries that were made in the European astronomy 
after Copernicus. Hence, it can be said that the history of 'the formation of 
the Universe' does not hold an important position in the Hindu astronomy 
as it does in the European astronomy. All works have propounded almost 
the same views and no further discoveries have been made in them. It will, 
therefore be better to describe all problems of the first type in one place. 
Some of' them have been mentioned in the Introduction, and ^thers will be 
treated later on The problems belonging to the second type, being different 
for different Siddhantas, have been described separately at their proper places ; 
and some topics belonging to the third type^will be given later in the study of 
Che Universe, and the remaining in the chapter on true places ; and these 
problems being the same in the case of each Siddhanta, it is better to mention 
ffaem in one place in the chapter on true places. It will also be advantageous 
to indicate the differences between the Siddhantas by comparison and this 
plan! when followed, will cover the study of all problems m the Siddhantas. 

The numbers of revolutions and other elements etc. in the Siddhantas of 
the Pancasiddhantika and in the five Siddhantas of this chapter -have ^already 
been mentioned above. The mean positions of planets given in the Siddhantas 
of the Pancasiddhantika have also been compared with those calculated from 
European works. 

A comparison of mean planets given by the modern five Siddhantas, includ- 
ing the Surya Siddhanta, with those calculated from the European works will be 
made in the description of Aryabhata later on. 

Soma SiddhAnta 

The Date 

This Siddhanta has been described by Candra to the sage Saunaka. It 
mentions the number of years elapsed from creation up to the beginning ot 
the present Kaliyuga and directs us to "add the desired number of years elapsea 
from the present Kaliyuga". This proves that this Siddhanta has been com- 
piled in the Kaliyuga. The real date of its compilation is the same as that 
established for the modern Surya Siddhanta or one somewhat later than it. 

It has 10 chapters and 335 verses in 'anustup' metre. 

A work, entitled Jyotisa Darpana, mentioned above, gives a verse from the 
Soma Siddhanta. The Rahganatha's commentary on the Surya Siddhanta gives 
at one place a verse from this (viz. Soma Siddhanta). Karoaiakara, the autnor 
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«of the Siddhantatatvaviveka, has referred to the Soma Siddhinta in the 
following verse : — 

"(65) That pure (science of astronomy) which was revealed to Maya bv 
the god Sun, was described to Narada by Brahma, to Saunaka by Himacuru 
-(Moon or Soma) and to Mandavya by the sage Vasistha." 

—Chapter on elements of revolutions. 

The Chapter on mean places in this Siddhanta gives the following two 
couplets as "verses quoted from Garga". " 

3to inf^r^r. • .*fj«ffc|*rr 1 1 w&m *pfmfaT grmnr ^rrf^^r: 1 1 ^ j ( 

"1955880000 solar years have elapsed from the creation up to the (begin- 
ning of the) present Kaliyuga, which begins from the end of the Dwapara 
yuga and which js 28th (yuga) in the 7th-Manu period, belonging to the present 
Brahma's day— during the life of God Siva". * present 

These very verses occur in Rornasa Siddhanta also, as "quoted from Garaa" 
The former half of the first verse in this runs thus, " 

—meaning- "in the latter half of the present day of Brahma's life." 

The word Nanda occurs at one place in this Siddhanta. It has already 
been pointed out above that this Siddhanta resembles the Surya Siddhanta 
in all respects. 

X 

Vasistha Siddhanta 
Subject Matter 

It has already been pointed out above that there are two versions of 
Vasistha Siddhanta which are similar in principles but different only in form. 
yithese, the one, printed at Varanasi, has five chapters, containing 94 verses 
m anus tup' metre. It has been mentioned in the beginning and at the end 
Si? li Siddhanta was revealed by the sage Vasistha to the sage Mandavya. 
inis Siddhanta is very brief. Other Siddhantas mention the numbers of re- 
volutions and other elements in addition to the measures of orbital lengths 
also. This (siddhanta) gives only the orbital lengths and the numbers of the 
revolutions of planets in a Yuga have got to be calculated from them. These 
can be found and they agree with the Surya Siddhanta. This is also incomplete 
mm respect to some other subjects. This does not mention* the number of 
s avana days in a yuga. It is not mentioned from what epoch the ahargana 

<fo * T ^ e c °Py i" th ,f Deccan College Library Collection gives the number of revolutions of 

?m/Jo Cm ^^ but H has been pointed 

< w (page 29) that they prove to be different (from those in the Surya Siddhanta) 
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is to be reckoned While the use of utkramajya (versine) has been mentioned, 
no lists of versines are given*. The aphelia and nodes have not at all been 
mentioned. The following lines are given about them :— 

"Calculate from theory the numbers of aphelia and nodes in a Yuga. The 
point at which the 'equation of centre' is zero, is called the 'mandocca, 
(aphelion); the point at which the yamya-kendra-phala (value of celestial 
latitude) is' zero, is called a pata (node)." 

The calculator has been asked to find out the aphelia and nodes by obser- 
vation and in a way, he has been asked to compile a new Siddhanta. It 
describes the method of finding a'Karna', but it is incomplete. It has five 
'adhikaras' (chapters) which deal with only the following subjects :—(i) mean 
places (ii) true places (iii) Shadow (three problems) (iv) miscellaneous and 
fv) ffeoKraphy The miscellaneous chapter gives just a glimpse into the eclipses. 
Even the chapter on 'shadow' is very brief. A verse in the chapter on true 
places is given from the modern Surya Siddhanta. Regarding the ahargana, 
5 has been remarked that it is true for the midnight at Lanka ; this also proves 
its similarity with the Surya Siddhanta. The words Rama, Nanda, and 
Siddha have been available in it. 

Different Versions 

Raneanatha has taken a half-couplet from this as belonging to Laghu- 
vasistha Siddhanta. He has similarly given a verse regarding eclipses as 
"quoted by Vrddha Vasistha" and at one place in his commentary on the 
chaptei on true places he has mentioned the name of Vrddha Vasistha This 
leads me to suspect if there existed in Ranganatha's time a different Vrddha 
Vasistha Siddhanta. The verse about the eclipse quoted by him is given m 
'upajati' metre and not in 'anustupa metre. The Vasistha Siddhanta referred 
to bj Kama^akara ( page 29 ) appears to be the Laghu Vasistha Siddhanta. 

The other version of Vasistha Siddhanta mentioned above as belonging to 
the Deccan College Collection, has only one chapter entitled madhya- 
madhikara', which contains only the description of the formation of the 
Universe and orbital lengths of planets, and does not give other chapters 
generally found in other Siddhantas. All verses are in anustup metre. The 
remark at the end runs "in Visvaprakasa, from the Ganita branch, compiled 
by Vrddha Vasistha" followed by the words "the 4th chapter on orbits .. 
There is no hint or clue for finding where the remaining three chapters ended. 
This shows that the work remained incomplete. The references at the begin- 
ning show that this Siddhanta was revealed by Vasistha to Vamadeva, and 
Mandavya has not been mentioned. 

ROMASA SIDDHANTA 

This Siddhanta has been described by Visnu to Vasistha and Romasa. 
The verses concerning this have already been given before ( page 34 y 

♦Thete can be calculated frcm the kramajyas which are given in it. 
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It has 11 Chapters, consisting of 374 verses in anustup metre. It has already 
been mentioned that it completely resembles the Surya Siddhanta as regards 
the numbers of revolutions and other elements etc. 

Any reference to verses from this Siddhanta in any other work could not be 
detected. 

The words Nanda, and Siddha have occurred in this. The word Ara 
meaning Mars, has occurred once. The names of rivers have been given 
which included Krsna veni.' This suggests that the author of this work might 
be some person from South India. 

BRAHMASIDDHANTA CITED BY SAKALYA 

Author 

This has 6 chapters and 764 verses. This was described by God Brahma 
to Narada The original verses nowhere mention ^akalya's name, but each 
chapter ends with the phrase "in the second problem (prasna) of the Brahma- 
samhita in Sakalya Siddhanta". Among the- 'problems' of ^akalyasam- 
hita there is not a single one which we meet at present. A number of lines have 
been taken in Ranganatha s commentary on different Occasions, and while 
giving them, the phrase "from &kalya" is added at some places, and the 
SET- ? fi^MjddJfinta at others. The verse in which the author of the 
?™f han j ata f av £ eka hf referred to this Siddhanta is already mentioned 
(page.. .4/...). Kamalakara has taken even some verses from this Siddhanta. 

thoI h ^ m S- rS °^ * e Y° lutio ? s a , nd other elements in this tally entirely with 
those of the Surya Siddhanta in all respects and have already been given. 

Subject Matter 

It has not, like other Siddhantas, separate chapters, such as a chapter on 
mean places, a chapter on true places, etc. Each chapter contains a subject 
pertaining to some adhikaras' and the six chapters together cover almost all 
the subjects usually given in a Siddhanta ; not only this, but the subject of 
fnrh!Z S °; W ^ h 5-Tf met with in an agronomical work, has J>een 
nf^v *?• \ ?l thlrd Cha ? ter deaIs with the stud y of Mahapata (parallel 
nf EST A° n l °^ the S , Un ^ nd the moon '» and after mentioning the 'fruits' 
ri-„- an ^ han - y ^ertaken on these auspicious occasions, the subject of 
tS g l + aS t een mtroduced as an offshoot of the main subject and it covert 

mLlT??9 bCtWe l n th l 34tl i verse and *e end of the chapter. Thus, as 
many as 1 38 verses have been devoted to this subject which includes the follow 

S£- : "* C ♦ ° ly u im& f0r Sal P kranti J the end of a tithi-ganda ; the 
Xn tw H n a ? t0 - W ? e u n to accept a tithi coverin S the 'pradosa' time, and 
£r™ that +u envel °Ping'.the noon time or that which comes in contact with the 
SdL vLf/- 1 s ™ilarly the decision of the proper time for Ekadasi, 

aSrSvr*? g i ?i (, "S. sa ^ nfic f) and of s P eci al rites like the Upakarma and of 
special tithis, like the Ganesa Caturthl. 

Date 

nn Z he fi J St cha P ter deals with the question who created the science of astro- 
nomy and contains the following verse, 

3 nszmfSnhf wTC?r 

1 DGO/69 
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'This (science) has been created (compiled) in eight ways^viz. by me, by 
Soma, Pulastya, Vivasvan (surya), Romaka, Vasi§tha ? Garga and Brhaspati". 

The word mattah in this refers to this Siddhanta* Gaxga and Brhaspati 
have got only Samhitas to their credit, while Siddhantas bearing the names of 
Soma, Pulastya, Surya, Romaka and Vasistha are well known. The Pulastya's 
Siddhanta is the same as Paulisa Siddhanta. It is referred to even by the 
name 'Paulisa' in this Siddhanta at two or three places. The following line > 
occurs once in the first chapter : — 

3r**mr ^ 7^ f^r^^^^^ff ^rpf at n £<> n 

"Hence the desired method should be followed as given by one of the five 
Siddhantas." 

The names, Surya, Soma, Romasa and Pulisa, have also occurred at two or 
three other places. This clearly shows that this (Brahma) Siddhanta was 
compliled after all the above Siddhantas. It is very difficult to say in what 
particular period of time it was compiled ; but the first chapter in this contains 
the line, 

* 

"The name of first year of Kalpa is Pramathi by solar measure." 

Most of the works follow the method of reckoning the Prabhava and 
other years of the 60-year eycle on the basis of Jupiter's motion. It is only 
this Siddhanta, the Romasa Siddhanta and the commentary by Bhatotpala 
which refer to the adoption of the system, (of naming the year) by solar 
measure; and it is only in this Siddhanta, that according to solar mea- 
sure, the name of the first y^ar of Kalpa is Pramathi, and it will be found ■ 
that the desired 'samvatsara' is always obtained on this basis by adding 12 
to the Saka year (in question). At present, the samvatsara is not named by 
Barhaspatya. system, south of Narmada, but by solar measure and thus we get 
the desired samvatsara by adding 12 to the Saka, But one year is suppressed 
in about 85 years if the Jovian measure is followed. Hence, we do not get 
the correct Jovian year by adding the same number to the Saka year every 
time. The figure to be added was shorter than 12 before Saka 743 The 
correct Jovian year used to be obtained by adding 12 between the period 
Saka 743 and 827. This figure is to be increased by one, after every 
85 years. Copper plates and other inscriptions show that the system of finding 
a Barhaspatya (Jupiter's) samvatsara was the same in South India as in the 
North India till Saka 743 ; but the number 12 was required to be added 
between Saka 743 and 827. The author is of opinion that the system of 
reckoning a year by solar measure must have been adopted in South India 
irom that period. A detailed consideration of this point will be made later 
° n +u n A *% ? udy of samvat sara. Because, this Siddhanta contains the 
metnod ot finding a samvatsara by adding 12 to the current Saka, and states 

' «!!L?S ye u r ° f Kalp . a to be Pram athi, there is no doubt that this Siddhanta 
must nave been compiled some time after Saka 743 and not before. 

It is the speciality of this work that it gives the latitudes and longitudes of 
2ddh!nta in ptar?i group (? * e> Great Bear) > which are not »' ven b y an y other 
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FIRST ARYAgHATA 

Name 

He has compiled the well known work Aryabha\lya. There is no other 
more ancient work from amongst the available 'paurusa' (human) astronomical 
works. He calls his work as Aryabhatlya, but many other astronomers have 
named it as Aryasiddhanta and it is quite proper to name it thus. A second 
Aryabhata flourished after him and he has also written an Aryasiddhanta. 
It is, therefore, convenient to mention this Aryabhata as Aryabhata I, and 
his work as the First Aryasiddhanta, and the author has followed this principle 
all throughout * x *^ 

This Siddhanta is divided into two main parts. The first part consists of 
10 verses in the 'giti' metre ; and almost all the topics mentioned in the Madhya- 
madhikara of other Siddhantas ; for instance, the elements of revolutions etc. 
in a particular period of time, have been mentioned in these 10 'gitis\ Thi* 
part is called the 'dasagltika'. 

The second part has three chapters, which contain the remaining questions 
mentioned in the other Siddhantas. It contains 108 aryas and hence, it is 
called the 'aryastasata'. Some people regard the two parts as separate works. 
Suryayajvana, one of the commentators of this work, calls the two parts as 
two 'prabandhas' (compositions). Each of the two parts begins with a verse 
which is an auspicious prayer and hence, they might have been regarded by 
some as two separate works. But they are interdependent and one will be 
of no use without the other. It is, therefore, proper to regard the two together 
as one work. Aryabhata himself appears to hold the same view. He has 
not given any separate name for the first part, nor has he closed it by a con- 
clusion. He has no doubt added a 'conclusion' at the end of the whole work 
together and has mentioned kryabhatlya as the name only at that place. Simi- 
larly, the whole work together has four chapters; the author himself does 
not call them as 'padas', still it has been customary with others to call them so. 
If the 'Dasagltika' be supposed to be a separate work, it will be said to have 
on6 'pada' and the other work three and these cannot justly be called 'padas' 
(fourth parts). Considering, therefore, from all points of view, it will be 
proper to regard the 'Dasagltika and Aryastasata' together as one Siddhanta. 
I he Dasagltika contains two more 'gitis' in addition to the Ten ; one of them 
is the auspicious prayer and the second describes his numerical code. The 
whole work, therefore, contains 120 verses. The word 'Aryastasata' is mis- 
leading, and it. seems that because of this, some European scholars thought 
mat it contained 800 verses. This Aryasiddhanta, along with the Bhatadlpikz, 
commentary by Paramadlsvara has been recently printed by Dr. Kern at 
J-eden m Holland in 1874. It was not much known to European scholars 
before this. 

Three Schools 

The astronomical works in our country are at present believed to belong 
fl n^ T> the three main P ak §a s or schools ; the Saurapaksa, the Aryapaksa 
dna the Brahmapaksa. The basic work for the first school is the Surya 
aiaahanta, that for the second is the Arya Siddhanta, and that for the third is 
sch , h . ma Siddhanta. The reason for the formation of the three different 
— -2! IS that t he length of the year according to each school is somewhat 

h* **l f any ref <:rence without the epithet 'first or second* occurs anywhere later on, it should 
°e taken to refer to this, (tha lis) the first Aryabhata. 
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different and the motions of planets in a particular period of time, say, a Kalpa 
ocVSdSogfc are different. The remaining subjects in he case of all 
schools tfafl works following each of these schools are practicably the same 
ifwrnii shown at the proper place when the party spirit relating to 
different schools raised its head. 

The words Aryasiddhanta and Aryapaksa are well .known in our country 
buttte Aryliddhanta itself is not much known to anyone. It is considered 
that no orthodox astronomer in Maharastra possesses its copy. The Arya- 
DaWschool) is still flourishing and it has a number of followers ; but very 
few of them understand its correct form from the original Aryasiddhanta. 

Numerical Code 

Other astronomical works are found to be using 'bhu' for 1 , 'rgna' for 3, 
and such other words to represent digits and numbers. But the First Arya- 
bhata, instead of following this system has adopted letters to denote numbers, 
at shown below : — 

a—1 1—100000000 

{ __ m e— 10000000000 

u— 10000 o— 1000000000000 

r— 1000000 au— 100000000000000 

Ka— 1 Ca— 6 *a— 11 ta— 16 pa— 21 ya— 30 sa —80 
kha— 2 cha— 7 tha— 12 tha— 17 pha— 22 ra— 40 sa —90 
ga— 3 ja— 8 da— 13 da— 18 ba— 23 la— 50 ha —100 
g ha— 4 jha— 9 dha— 14 dha— 19 bha— 24 va— 60 
na— 5 ua— 10 tta— 15 na— 20 ma— 25 sa— 70 
Varahamihira has followed in the Pancasiddhantika the system adopted 
bv other Siddhantas while using words to denote numbers; and this shows 
that the system was in vogue before Aryabhata ; and it must have been so. 
Hence, Aryabhata must have adopted it to represent numbers briefly and as 
it is not found in other works, it appears to have originated with him This 
system ensures brevity. Other Siddhantas generally require about 9 or 10 , 
verses to mention the number of revolutions of all the planets. But it has . 
been done only in two couplets by this system. Similarly,.other Siddhantas j 
generally require 50 to 70 verses to be devoted to 'Madhyamadhikara . Inis;^ 
System could describe almost all the subjects in 10 verses (gitis) .only ; and | 
hence, it is very easy to commit to memory the Dasagitika aphorisms written | 
according to this system. But while this system has some advantage, it naS| 
at the same time a very' serious drawback. To explain briefly the nature j 
of the system and its inconvenience, an illustration is given below :— 

The first half of the first couplet describing revolutions of planets, runs thus :— i 

The number of revolutions* of 'Ku' (the earth), according to this verse 
comes to be 1582237500 in a M ahayuga. 

* Aryabhata holds the view that the earth has the diurnal motion and that is jvhy he has. 
given the dumber of rotations of the earth. Other Siddhantas give revolutwns of stars instead.. 
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Dr. Kern's book gives 'su' in place of 'bu' 
in this line, 'su' denotes 800000, that is, a 
number greater by 570000. The misprint of 
*su' for 'bu' has caused so much error. 



This is an error* occurring in a printed book which is very carefully checked 
and printed ; what then are the chances of errors having crept in in a manu- 
script and of these errors getting aggravated by traditional use, can be under- 
stood only by those who have occasions to go through .manuscripts. Such a 
work is bound to go out of use in course of time, if there be no means like 
traditional interpretations, and checks of agreement with other works. 

Motions and Revolutions of Planets 

After first quoting the two couplets which mention the numbers of re- 
volutions and other elements of planets, the author gives the numbers derived 
from them. The first part of the first couplet has already been given above. 
The remaining couplets are given below :— 

srf^jsr ipifa^ ^resfaaflra ^Jf^rW: II tit 
The revolutions in a mahayuga as derived from these verses are :- 



Rotations of the earth 1 582237500 
^Revolutions of the Sun . 4320000 
Number of savana days 1577917500 
Revolutions of the Moon 57753336 
Revolutions of the Moon's . 488219 

Apogee 
Revolutions of the Moon's 

node 
Revolutions of Mars 2296824 

Revolutions of Mercury 17937020 



Revolutions of Jupiter 
Revolutions of Venus 
Revolutions of Saturn 
Solar months 
Intercalary months 



232226 Lunar months 



Tithis ' 
Suppressed tithis 



364224 

7022338 

146564 

51840000 

1593336 

53433336 

1603000080 
25082580 



Length of the year=365d 15gh 31p 15vp. 

The numbers of revolutions given by the original Surya Siddhanta on 
page 23. do not include those for Rahu, but comparison of the remaining 
numbers with the above figures from the Aryasiddhanta shows that the 
revolutions of Jupiter and Mercury are different in the two, while the remaining 
numbers are the same ; and it has already been shown before, that the original 
Surya Siddhanta existed before Aryabhata. This shows that Aryabhata 
borrowed the elements of all planets except those for Mercury and Jupitef 
from the original Surya Siddhanta. The elements for the revolutions of Jupiter 
and Mercury appear to have been adopted by him by experience after testing 
their accuracy with their observed positions. 

•This error cannot be detected from the commentary, but it can be easily found after 
-considering the theory and agreement with other works. However, this error of Dr. Kern 
will throw several scholars into confusion. 
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The Yuga System 

It has been remarked above that Aryabhata' s system is somewhat different 
from that of the other Siddhantas. It is as follows. He says in his 
'dasagltika' :— 

"The number of Manus in a Brahma's day is 'dha' (=14). A manu 
consists of skha (=72) yugas. The number of manus elapsed from the begin* 
ning of Kalpa is *ca' (=6) and that of yugas elapsed is 'chna' (=27) ; and 
the number of yugapadas elapsed, prior to Thursday, the beginning day of 
Bharata is 'ga* (=3)". 

In this verse a Manu is said to consist of 72 yugas and not 71 as in others 
A 'sandhi'ftransition or twilight period) has not been mentioned as to occurring 
before the commencement of each 'manvantara. This verse also tells us what 
period has elapsed from the commmencement of Kalpa up to Thursday, .the 
beginning day of Bharata*, This verse and the 2nd couplet quoted on page53„ 
show that according to Aryabhata the Kaliyuga started on Friday, and the 
previous day was a Thursday. But the second couplet quoted above shows 
that the Mahayuga** began on Wednesday at sunrise. This shows that 
Aryabhata does not accept the definitions of time units, e.g. a Dvapara equal 
to twice Kali, and so on/ If the§e definitions be accepted, the Kaliyuga would 
not be found to have commenced on Friday, after supposing the yuga to begin 
on Wednesday. We get the result if all fc padas* or quarters of a yuga be 
sup posed to be equal in length .This shows that he regarded Krta and othefr 
'uygapadas' as equal in length, and from this assumption it appears that the 
number of years elapsed, from the commencement of Kalpa to that of the 
present Kaliyuga, comes to be 1986 120000 and the Kalpa appears to have com- 
menced on Thursday. The number of years elapsed froiti the commencement 
of Kalpa to that of the present Kaliyuga comes to I972944000t according to 
other Siddhantas; and according to some, who suppose that some years were 
spent at the beginning of the Kalpa or over Creation, it was a Sunday when 
the planets started to move. Brahmagupfa has criticisedft Aryabhata for 
having entertained this kind of view so different from others. 

"The measures of Yuga, Manu, and Kalpa, and the number of Krta and 
other yugas elapsed after the commencement of the Kalpa, are not equal to 
those mentioned by the Smrti. This shows that Aryabhata does not know 
mean motions of planets." 



*The word 'Bharata' stands for 'Bharata war'. The word is here used in the se * of 
commencement of Kaliyuga. 

** Although the word mahayuga has not been explicitly mentioned, it was evids Jy so*, 
as may be seen from context and theory. 

t After including the years supposed to have been spent over creation. 
. itt**°st °f the above facts have been mentioned by Brahmagupta; but instead of niacin* 
implicit faith in them, I have actually found them Out for myself. 
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In this verse, Aryabha|a has been accused by Brahmagupta of not having 
given the Yugas, Maim and Kalpa according to the Smrti. The length of a 
mahayuga adopted by him is equal to that given by others. The number of 
revolutions mentioned above will show that they ar.e divisible by four, and the 
second couplet says that all the planets were together in the beginning of the 
mahayuga. Similarly, according to Aryabhata the 'yugapadas' (i.e. parts of a 
mahayuga) are all equal ; and in his opinion the number of mahayugas elapsed 
between the commencement of Kalpa up to the present Krta and other yugas 
is a whole number. Hence, according to his view, all planets come together at 
the commencement of each Kalpa, each mahayuga and also at each Pada or 
fourth part of a yuga. He has not at all given the number of revolutions of 
aphelia and nodes of other planets in a Kalpa. He had no reason to consider, 
if any years were spent over Creation ; but in his opinion, all planets come 
t together at the beginning of Kalpa. This shows that he did not at all make 
the assumption that some years were spent in Creation. If he were required 
to give the number of nodes and aphelia of planets he would have given them 
on the assumption that the beginning of a Kalpa coincided with the first start 
of the planets for their movement. 

Date 
Aryabhata has recorded his date in the following couplet ': 

qroirsSTftf ^f*£^T ^d^^m^T J*"*m<n: II 

Aryabhata says that he was 23 when sixty 60-year cycles (i.e. 3600 years) 
had elapsed after the three 'yugapadas,' that is, in the 3600th 'Kali-elapsed* 
year, which is the same as &aka 421. This shows that his birth year was 
Saka 398. 

Length of a Year t * ' 

The length of the year according to the Surya Siddhanta of the Pancasi- 
dhantika is 365 d — 15 eh — 31 p — 30 vlp , and that calculated from the elements 
given by Aryabhata above comes to be 365 d — 15 s& — 31 p — 15 vlp , that is 15 
vipalas less. But according to the original Surya Siddhanta of the Panca- 
siddhantika, the Kali yuga commenced at midnight on Thursday ; and Arya- 
bhata has assumed it to begin it at sunrise on Friday, that is 15 ghatis later ; 
but because the length of this year is less by 15 vipalas, the cumulative difference 
in 3600 years would be 15 ghatis less ; and hence, the moment of the mean Sun's 
entry into Mesa i.e. the moment of the beginning of the elapsed year 3600 
after Kali i.e. in Saka 421, according to the original Surya Siddhanta and 
Aryasiddhanta, comes to be the same ; and this shows that he assumed the 
length of the year to be less by 15 vipalas in order to avoid the discrepancy 
which would occur, if the yuga be assumed to commence from the sunrise. 

If anyone entertains any doubt about his date, the length of the year as given 
above will leave no room for such doubt. His date of birth is definitely 
Saka 398. 
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Place 
Aryabhata observes in the first couplet of his 'Ganitapada' 

"Aryabhata, however, imparts the sacred knowledge in this (town of) 
Kusumapura." 

From this, his place of residence seems to be Kusumapura, which is 
believed to be Patna in Bengal. 

Subject Matter 

The 'dasagitikapada' of Aryabhata's Siddhanta contains the numbers of 
revolutions and other elements of planets. The next three padas are devoted 
to 'ganita* (Mathematics), Kalakriya (time units) and 'Gola* (celestial sphere). 
The ganitapada includes some subjects from arithmetic, algebra, geometry 
and trigonometry from among the branches of pure mathematics ; and the 
remaining two padas are devoted to astronomical questions alone. As a 
matter of fact, according to modern conception, astronomy is a branch of 
applied mathematics and hence, it need not deal with arithmetic and other 
branches of pure mathematics; but astronomy often requires the help of purt 
mathematics; and hence, it is natural for such ancient works to include both 
types ; but such a combination is found in very few works. We have no 
means to know if it existed in the original Sury a Siddhanta ; but it is not found 
in the Pancasiddhantika and also in modern Surya and Soma Siddhantai. 
This Aryasiddhanta, the Brahmaguptasiddanta and the second Aryasidhanta, 
however, do Contain pure mathematics also. Bhaskaracarya's definition of 
a siddhanta has been given above (pagexxviii of part 1), according to which he 
has included in the siddhantas both the branches of mathematics, viz. 'vyakta' 
or known (arithmetic) and 'avyakta' or unknown (algebra), andjaccordingly 
he calls his two works Lilavati and Bijaganita, as parts of his work, Siddha- 
nta Siromani ; still he has computed them as independent works ; and some 
referencesin it show that independent works on algebra were already compi- 
led before Bhaskaracarya's time. The two Aryabhatas and Brahmagupta have 
included algebra and other branches of mathematics in the siddhanta itself; 
but these subjects have been treated in separate chapters. 

The contents of the 'ganitapada' will be briefly described in Aryabhata's 
work. This pada consists of 32 couplets in addition to the benedictory verse- 
It contains the following subjects :— . ' 

Place names of digits of numbers, squares and cubes ; square root and cube 
root ; triangles, circles, and other figures and their areas ; volumes of cubes 
and spheres; calculation of sines and their brief treatment ; progressions, rule 
of three, fractions ; an interesting type or two of problems solvable by rule of 
three or by algebra, and a section of mathematics known as 'kuttaka' (problems 

°\ mU i tlp ^ ers) * These are the to P ics dealt with in the 'ganitapada'". Ptolemy 
and the Greek astronomers before his time had no knowledge of the sines. 
I hey used to make use of chords. The Europeans, before they studied Indian 
astronomy, held the view that it wasAl Battani, the Arab astronomer* (who 
ved m the latter half of the 9th century A.D.) first made use of sines in place 

♦See page 56, translation of Suryasiddhanta by Burgess. 
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of chords* But this work of Aryabhata shows that we knew the use of sines 
in Saka 42L Even the modern Surya-Siddhanta gives sines. One more 
thing worth being specially mentioned is that Aryabhata has very accurately 
given the ratio of the circumference of the circle to its diameter by the following 
verse : — 

^Tf^ ^nr^w ?rof«sRr*TT ^^w 11 ^^^wiw*n*rat 

The approximate length of the circumference of a circle whose diameter is 
2000 is 62000 increased by *' 104 multiplied by 8'\ This gives 62832 as the 
length of the circumference corresponding to 2000 as diameter, which gives 
1 :3.1416 as the ratio. Even this has been given by him as only approximate. 

DIURNAL MOTION OF THE EARTH 

Aryabhata is the only astronomer in our country who holds that the earth 
rotates round itself; in other words, he holds that the earth has a diurnal 
motion* He remarks : — 

"Just as one, sitting in a boat, observes stationary objects moving back- 
wards; similarly, to an observer in Lanka (i.e. equator) the stationary stars 
appear to be moving towards the West". 

The commentator of Bhataprakasika has attempted to make out in the 
following lines that even Aryabhata holds the view that the earth is stationary. 

But Aryabhata instead of giving the revolutions of stars in the list of 
elements has given the rotations of the earth. He has also remarked 
at another place (4th couplet of dasagitika) that the earth revolves .through 
one minute of arc in a unit of time known as 'prana' (i.e. £ of a pala). 
Similarly, Brahmagupta and others have criticised Aryabhata for holding the 
view that the earth rotates. Brahmagupta says :— 

srrJnr^r wm *pffe gf& q><ft ?r% tj^ft m aiT2itfwm'%r q^rfe 

5T. fa. 3f. ??• 

- If it be assumed that the earth does rotate one minute arc in one Trana' 
unit of time, where, then, does it go and by what track, and how is it that 
objects situated as elevated places do not fall off ? 

*Meaning : — The stars, (when they take the place of a 'subject') observe the earthly 
object* (which became an 'object*) as moving towards the east. 
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The compiler of Bhataprakasika commentary has offered his comments by 
taking 'bha' (i.e. bhamandalam) in place of 'bhuh' in the couplet 'praneuaiti 
kalam bhuh'. The Aryabhata's couplet just followirg the Arya "anuloma 
etc.", runs tlms : — 

^mcrezrftf*iTf f^ s^iffl" ^ f$T c <r: ii ^Twrfjrwfftrw: wx%\ 

wffi ii ?o ir 

"The starry cage, being daily tossed by the 'pravaha' wind, with the object 
of causing rises and sets, is seen at the equator to revolve from east to west." 

Considering all things, however, it appears that it was Aryabhata's definite: 
view that the earth rotates. He only accepts the earth's diurnal rotational 
movement*. It does not appear that he held the view of the earth's revolution 
round the sun. 

This Siddhanta by Aryabhata does not contain chapters like other Sid- 
dhantas ; but it deals with almost all the subjects in them excepting those in 
the chapters on "elevation of the moon's cusps" and "corjuctions of planets 
with stars". Brahmagupta has criticised him that the Aryabhafiya will not be 
helpful in obtaining the knowledge of elevation of the moon's "cusps, shadow, 
etc. This Siddhanta does not give the longitudes and latitudes of Junction- , 
Stars like other Siddhantas, and this is another drawback. Had these been 
given, it would have been a great help to the history of astronomy, since the 
date of Aryabhata is definitely known; not that this subject was unknown in 
his time or before, for the Paiicasiddhantika gives some information about the 
latitudes and longitudes of Junction-Stars of naksatras. This Siddhanta 
mentions nothing about the precession of equinoxes which is again a very 
important subject. 

KARANA WORK OF ARYABHATA 

This Aryasiddhanta is very brief; still, the subjects dealt with in it are so 
treated as to be clearly understood. Brevity has not caused any lack of clarity. 
Still its general form shows that it has not been compiled with the object of 
being useful to astronomers for every day use, but for mentioning the important 
subjects which are the Siddhantas or established truths.. It is true that a 
Siddhanta work cannot be useful for every day purposes; a Karana work i* 
necessary for the purpose. The work, however, is not extensive like other 
Siddhantas and does not deal w ith all the subjects. It is true that the calculator 
requires more time if he takes the help of the modern Siirya Siddhanta, Brahma 
Siddhanta or Siddhanta Siromani instead of any Karana work, but he wiB 
not be handicapped if he has only one Siddhanta available and not others . 
Such is not the case with this Siddhanta. For instance, it does not give the 
methods of calculating tithis, naksatras and karana nor does it give the cal- . 
culation of 'mahapata'. It is not that Aryabhata did not know what 'maha- 
pata is; the Aryasiddhanta does refer to it.' Similarly, the terms tithi, 
naksatra and karana must have been known in his time. There are also other 
subjects which are found in other siddhantas. This leads me to think that 



th~ J™!l5x^ on page 2 of Grant's History of Physical Astronomy :— It is said that it was 
it^Zc Z, N . lc etas of Syracuse that the earth only rotates about its axis. It is also said that 
*t*hl ^L° pm f 0n - of p y tha goras, the Greek philosopher (6th century B.C.) that the sun is 
fw«t *u **u • Univer se and the earth revolves round him. But the auther does not 
K7.'- i views weI * foi ™ed from the results of observations, and that accurate method* 
oi calculating planetary places were established by them. Perhaps, these might have been 
siniDlv notions 
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Aryabhata might have compiled some Karana work. Aryabhata's conception 
of the day commencing with sunrise is given by the second couplet from 
Dasagitika given above (page 53 ); but Varahamihira remarks that according 
to Aryabhata, the day is said to commence even from the midnight at Lanka 
(page 25 ). This statement of Aryabhata is not found in the Aryabhatiya. 
and even Brahmagupta is not seen to_ criticise him for this. It proves that 
even at the time of Brahmagupta, the Aryabhatiya did not contain some such 
couplets. Brahmagupta has referred to the two parts of Aryasiddhanta by 
these very words, viz. 'dasagitika and aryastasata'. From this it appears that 
no one has added anything to or taken away from the Aryasiddhanta which 
existed before Brahmagupta. The Varahamihira's statement, therefore, 
suggests that Aryabhata must have compiled some other work, and Brahma- 
gupta's Khandakhadyaka and Varuna's commentary on it,' lead one to con^ 
jecture that there must have existed some Karana work written by Aryabhata. 
It is, however, not available at present. 

Criticism 

Brahmagupta has levelled 9 great deal of criticism against Aryabhata 
After enumerating different points of criticism, he further remarks :'— 

ssprtsr ttt *R^wTw?r pf£ ^nfwaw 11 fas crs^^r s^w'tat 

*. %. ftr. : ar. \\. 

"Aryabhata himself has claimed the correctness of this calculation; but 
that calculation has been proved to be incorrect on account of its disagreement 
with the actual phenomena of eclipses, etc! Since Aryabhata understands 
nothing of mathematics, celestial sphere or time, I have not mentioned se- 
parately his demerits concerning short-comings in respect of other subjects^ 
It is impossible to enumerate all demerits of Aryabhata." 

The fact that calculations of eclipses, etc., made from Aryabhata's works 
showed disagreement with thfc observed results is worth-considering. Their 
correctness or otherwise can be judged from some of the points of criticism 
enumerated above. Although it is true that some of the points are correct. 
still, Brahmagupta's statement betrays a great deal of prejudice. 

Loss of Works 
Brahmagupta says : — 

spmtcTT<T ?^rr *Nh sftecn* ?r ^ wrpfrf^rr: 1 1 

"I have not repeated the demerits which have been stated by others as- 
time elapsed." 

But, of the available works compiled before Brahmagupta, it is' only the 
Pancasiddhantika which mentions Aryabhata's name only, and makes no 
mention of any of his faults. This shows that some works of pre-Brahmaguptx 
period must have been lost. The works of authors belonging to the peried 
before Saka 421 and mentioned above are not at present available. 
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his calibre 

The main criterion of testing the capability of the author of an astronomical 
work, is the agreement of its calculation with observation, and this criterion will 
reveal a high degree of capability in the case of Aryabhata. It has been noted 
above that he has found the numbers of revolutions of Jupiter and Mercury to be 
different from those of earlier works ; it, however, appears that he improved 
the earlier works as far as the calculation of true places of planets was con- 
cerned. According to Brahmagupta, Srtsena and Visnucandra borrowed the 
method of calculating planets' places, the aphelia-, nodes and epicycles from 
Aryabhata's works. The very fact, that although the original Surya Siddhanta 
of the Panca-siddhantika, the works of Lata, and others, and the Aryasiddhanta 
existed before them, they chose to borrow the calculation methods only from 
Aryabhata's works, easily shows that he possessed greater capability than 
others as far as agreement with observation was concerned. The table of 
'paridhyamsa' (i.e. epicycles in degrees) of all the authors, given later on, 
in the chapter on true places, will show that Aryabhata's 'paridhyamsas* of 
the cycles of apsis and conjunctions, which form the main item in calculating 
true places of planets, were different from those of the Paficasiddhantika. 
This shows that he improved the methods of calculating true places. Even 
though Brahmagupta, an adept in fault finding, has remarked that the demer- 
its of Aryabhata cannot be enumerated, he observes in the first couplet of 
Khandakhadyaka. 

"I will compile the work Khandakhadyaka which would give results equal* 
lo those of the learned Aryabhata." 

Brahmagupta had to set aside the vanity about his own Siddhanta, and to 
say that he has compiled a work which would be a match for that of his greatest 
rival. This clearly reveals Aryabhata's capability and it becomes further en- 
hanced in our eyes because his work attained prominence, even when original 
<Surya Siddhanta and other works compiled before his time were in existence 
And this fact is furtheExonfirmed from the following verse :— 

It is not known who wrote this and-when. Dr. Kern has quoted it in the 
Introduction. The compiler of this verse states.that because the calculation of 
setting of planets and eclipses based on the existing methods of the five Sid- 
dhantas did not tally with the observed results, the Sun god himself was born 
in Kusumapura, undef the name of Aryabhata in order to find out correct 
motions of planets. This states that the five Siddhantas did not give results 
agreeing with observations. It, therefore, shows that some one has compiled 
the verse soon after Aryabhata. This also clearly shows that Aryabhata 
was regarded as very capable, and the capability was really very great con 
sidering the age in which he lived. Aryabhata himself observes:— 

Sraf II Vt; II 

^SvnHT'f^aM T^f tsRTWrr^ II ^MMItHK**! WfaW <F5pTfam «TT II *«. I 

*This comparison is not complete. To what extent it holds good will be shown later in 
Brahmagupta's account. 



JoytisHa Siddhanta Pekiod 61 

"I have finally corrected* the 'Sun* from the yoga (conjunction) of the sua 
with the earth, the -moon 5 from the conjunction of the moon and the sun ; 
and all the 'planets' from the conjunctions of the moon and stars with the 
planets. I took out the jewel, in the form of true knowledge, through God'fr 
favour or with my own intellectual power, from the ocean of real and false 
knowledge." 

Eclipses and conjunctions can lead us to find even the mean motions; 
but it is the true place which is chiefly found from them. This verse and the 
one referred to before this, will show that Aryabhata has made an improvement 
in the calculation of true places. Similarly, his high capability can be seen 
from the fact that he made researches by means of observation and intelligence 
after critically studying the old works with common sense. 

ITS INFLUENCE AND FOLLOWERS . ^ 

Utpala has extracted a number of couplets from Aryabhatiya in his com- 
mentary on Brhatsamhita; and extracts from it are also found in a number 
of works compiled later on. Lalla, the famous astronomer, was a follower of 
Aryabhata. He has suggested a correction to the planetary motions given by 
Aryabhata. The Karana work, named Karanaprakasa which belonged to the 
Arya-Paksa and was compiled in Saka 1014, has been compiled after applying 
Lalla's corrections to the planetary places and motions obtained from the ele- 
ments given by Aryabhata. (This will be explained in detail later on). 
Similarly, Damodara's Karana work, named Bhatatulya, which was compiled in 
Saka 1339, follows the same method. Many people use Karanaprakasa even 
now for calculation and many are its followers. The Grahalaghava has adopted 
the positions of Jupiter, Mars and Rahu from the Karanaprakasa and the 
Grahalaghava is followed in more than one third part of India. 

Place| 

It shows that the Aryasiddhanta is even now followed, if not in its original 
form, at least with the application of corrections to it. Quotations from 
Aryasiddhanta are not found in astronomical works which were compiled in 
Maharastra and Varanasi after Saka 1400. It has already been pointed out 
above that the Arya siddhanta_is not available on our side in its original form. 
Dr. Kern has published an Aryabhatiya* on the basis of three manuscripts 
obtained by him. All these manuscripts are written in the Malayalam script. 
This shows that the Aryasiddhanta is still known in South India and specially 
in the Malabar province. The provinces which speak the Tamil and Mala- 
yalam dialects follow the almanac commuted on solar basis, and it belongs 
to the Aryapaksa, since the year adopted in it is according to the first Arya- 
siddhanta. The Vaisnavas are adherents of the Aryapaksa. They form a 
large part of the population in _Karnataka and Mysore. * Patna in Bengal 
(at that time) is believed to be Aryabhata' s place; but there is some doubt 
about it ; because, the Aryasiddhanta is not at all in use in Bengal. It appears 
from this that the Kusumapura mentioned by Aryabhata might be some 
place in the south; nothing can be, however, said, about it for certain. 

PLANETARY . CORRECTIONS 

It has already been pointed out that the places of planets given 
by the Aryasiddhanta, sometimes tally exactly with those calculated from 
European tables; -but for a clearer understanding and consideration of them, 
the mean positions of planets true for the mean Sun's entry into Aries of 
Saka 421 (i.e. 499 A.D.) as calculated from the Aryabhatiya and also from the 
European tables have been given together in a tabular form, on page 62-63 

•The first sentence refers to the lunar eclipse and the second to the solar eclipse* 
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^ For a simultaneous comparison of all the works, the places of planets have 
been calculated ^from the original Surya Siddhanta, the modern SurVa Sid- 
dhanta, and the Brahma Siddhanta for the same moment and have beeii noted 
in the same table. 

The moment of mean Sun's entry into Aries for the (elapsed year) £aka 421 

works 

gh. pal. 

Original Surya Siddhanta . . 15 "] Time elapsed after mean 
'■'■n.- i „..« . . ( sunrise at Ujjavini on 

First Arya Siddhanta . . . 15 i Sunday, 9th lunar day 

The modern five Siddhantas (Surya* . 16 24 ' of the dark faaIf of 
and others) 

Brahma Siddhanta (Caitra Krsna 8, 22 30 
Saturday). 

The 1 1th column on page 63 above, gives places of planets as calculated from 
Keropant s planetary tables ; they are, therefore, as accurate as those calculated 
from European tables. They are Sayana. Out of these, the secular equation is 
applied to the moon, the moon's apogee and the moon's node only After 
applying the ayanamsa correction of 'plus 16'-54"' in Saka 421 to the planets 
in- this column, the mrayana positions so found have been given in the 12th 
column, and the places given by works, like the original Surya Siddhanta and 
others, have been compared with these figures. The precessional motion in 
20 years comes to be 16'-54* ; and taking this figure as the ayanamsa for £aka 
421, therefore, is equivalent to taking zero as the ayanamsa for Saka 441 
This year is very near to Saka 444. It is true that the equinox was near the 
junction-star of Reyati about Saka 496, and it is suggested that the aynamsa " 
for that year should be taken as zero. But it has been pointed out thereafter 
in. the study of the precession of equinoxes that the Indians were right in sup- 
posing Saka 445 as the zero-precession year according to their system The 
object of assuming 16'-54" as the ayanamsa, while comparing the figures, is 
that it would facilitate the comparison with resect to the sun, It is not that > 
there will be much error resulting from this. The error, at the most, would 
be four minutes of arc. > 

.. There is no harm if seconds of arc be neglected while making a comparisons- 
since, they can be said to be carrying no value in the comparison. The sun' - 
longitude as given in columns 1 and 3 is zero ; and hence, the results of com-- 
parison of the planets' places in them with those of the 12th column which are 
noted m columns 2 and 4 are with respect to the planets and to the sun also, 
which means that the figures in columns 2 and 4 give the differences obtained 
by comparing the planets' positions independently with those given in column 
12. Similarly, the figures in columns 2 and 4 indicate also the differences 
obtained by comparing the figures, showing positions of planets in column 12 
ahead of the sun s position given in it and the figures indicating the advancVof 
Planetary positions m columns 1 and 3 over the positions of the sun given in 
them. The sun s longitude given in cols. 5 and 8, is not zero ; and hence, the 
differences m the planets' places in these columns, as independently compared 
Wt J\?? S V2- the 12th ^ ohmm ' have been shown ™ &e «th and 9th column? 

• J ™ di ?5 wl J en com P ared witn aspect to the sun, have been given 
in the 7th and 10th columns. ^ 

The difference in the case of only Jupiter and Mercury out of other planets 



Jyotisha. Siddhanta Period 



by more than 2 degrees while SrtlSZt s Y ?«* Aryasiddhfinta differs 
minutes. Almost all the pTanets Scent !K d ° uct dlffer by more than 51 
Surya-Siddhanta diff*^^^^™™* cbtai ? ed *cm the modern 
the positions of planets (with ^So^ tn th5T? y * ■ u As for the d 'fferehces in 
SiMhtataa n d S ho^iS^wff^*^^> mtte I ^ cf Brahmagupta 
thai : of Jupiter is53 minuted I XeJha^o^o 2£ b%*$"S aX * ~ rable > 

The whole discussion shows that therJilZu ess -}'* a ? 22 minutes of arc. 
of planets of all SiddhfintoS SS &if ^? ¥ rm i f . lt be s *' d that the places 
421, used to prove fairly wiS^T^^tSS < Sf?iS U,ya ^^"^ "a 
very accurately by all. All evcenf Rr~h™ ! T ^ f lhe mccn IS n0 dc *°t given 
revolutions for the moon buUhe !!?£' havc F v f n {he ^e number of 
Surya Siddhanta has come to be some wh^SS* **♦ C f alcuJa * ed ftcm ^e modern 

-mpar^^^^ of astrcncmical worthy 

works has been shown to &™trifau%M*M£ * ^P* and Indi ** 
as explained in the course ofSinrfp ^ and alJ cir ^mstances, 
the date of old works ^e^)l^V^f Sm ^ d ^ d ^^^ 
judging how far our works aereed with J? • absc : nce of ™y better way of 
of the, calc ]ations> ^^£^^Z^X° f ^ fe4s 

Wor&vTb^ i^^Jt^^^^^ * ™ *«*« 
periods of. one sidereal revolution TfS T be S^en later on. But, the 
works, have been giver father fo« «V r - m E ? r ° pean works a * d cur 
panson of the two (P ge €6 . } IB order to facilitate the ccm, 

^m£SSt^5^ '^MZt W^ fr °? the *™ Ia *>» ^ ,he 
Siddhanta (or SMdLnta^m?4 wJS,? 6 S ^ ya SKW *S*ta and Brahma 
There is, however, probib^^ e ^!? ,l ft°*£ d frcm , the ™™ book. 

wi/thlr f^ when compared 

palas-34.5 vipalas and that of the Br,h^ P ? Zl ° be . greater ^ about » 
25.6 vipalas. Even though the motion n }™* *****!** ^ about 7 palas- 
almost no error in it. The t me Taken hftt °°? 1S ^ on r sider ^]e, there is 
is longer by 4 days and tha Tn th > case %T° nS ^ e for one revolution 
discrepancies in the case of o^J^^fi™*** * 6 **« the 

Ptolemy 
daily ^^ Ptolemy's elements from the 

(of 36" per yea?) a | ; ad'op ted b h im llev doTo? 11 / 2* ^ si ° nal moti ™ 
given by our Siddhartas. jyfo moves that t ' "? 21-" reSCI ? ble tIle elemen ^ 

1 DG.O./69 
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Aphelia & Nodes > 

The positions of aphelia and nodes of all planets according to different authors 
at the commencement of the Kaliyuga and those for the year Saka 421 (i*e. Kab 
elapsed year 3600) have been given respectively in tables on pages 67 and 
68 Prof Whitney, after giving the aphelia and nodes accorduig 
to'ptolemy and the Surya Siddhanta together, has suggested that the Hindus 
must have taken them either from Ptolemy or from other earlier Greek works. 
But the following comparative table shows that this statement is incorrect, as 
can be seen from the positions of aphelia and nodes according to Ptolemy and 
also the figures for the same for Ptolemy's time i.e. the year 148 A. D. (Saka 
year 70) as calculated from Keropant's planetary tables which give modern 
European figures. 

A comparison of Ptolemy's figures for the Apsides and Nodes (in Sake 70) 
with those calculated from Keropant's tables :— ^^__ 



Planet 



Apsides 



Nodes 



Ptolemy's work 

_ — •>■ 



Ptolemy's work 

(Sayana) , <> . (Sayana) r r • [ . — ^ _ ., ... 

from Position Diff . with , from Position Diff. with 

Keropant's Keropant's Keropant's Keropants 

tables Place tables place 



Sun 


. 2 11 


5 


2 


5 


30 


— 5 


35 












Mars . 


. 4 1 


3? 


3 


25 


30 


_ 6 


9 


1 5 


29 





25 30 


— 9 59 


Mercury 


. 7 18 


32 


6 


10 





— 38 


32 


26 


5 





10 


—16 5 


Jupiter . 


. 5 15 


7 


5 


11 





— 4 


7 


2 22 


1 


1 


21 


—31 1 


Venus . 


. 9 16 


18 


1 


25 





—231 


18 


2 


39 


1 


25 


..— 5 39 


Saturn . 


. 7 28 


45 


7 


23 





— 5 


45 


»3 7 


28 


6 


30 


+85 32 



The positions for apsides and nodes according to our old works (as shown on 
pages 67 and 68 ) at the commencement of Kaliyuga and in the Kali 
elapsed year 3600 will show that the variation during 3600 years is very small; 
and the reason for this is their very slow motion. None of our SiddnantM 
mention the motion of the apsides and nodes as greater than 1 degree in i 13WU 
years. The figures calculated from Keropant's tables and shown in the two 
tables above show that, if the equinox be taken to be the initial point, in other 
words, if the sayana system be followed, the motion appears to be considerable ; 
but the motions appear to be negligibly small if sidereal i.e. the mrayana basis 
be adopted. 

The table on page 70 , gives the annual motions of apsides and nodes 
very accurately calculated by modern European methods following the sayana 
system and also the actual yearly motion* accor ding to the nirayana system. 

*These have been taken from Practical Astronomy by Loomis. 
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Yearly motions of Apsides and Nodes. 



According to European Calculations 



Planets 



Sayana True Nirayana That which According, 

must be adopted to the 

according to our Surya- 

Nirayana system Siddh&nta 



Avhelia . 


Seconds 


Seconds 


Seconds 


Seconds 


Sun 


+ 61.5 


+ 11.24 


+ 1.5 


+ 0.1161 


Mars 


+ 65.7 


' + 15.46 


+ 5.7 


+ .0612 


Mercury 


+ 56.1 


+ 5.81 


— 3.9 


+ .1104 


Jupiter . 


+ 56.9 


+ 6.65 


— 3.1 


+ .27 


Venus . 


+ 47.0 


— 3.24 


—13.0 


+ .1605 


Saturn . 


. . - +69.6 


+ 19.31 


+ 9.6 


+ .0117 


Nodes . 










Mars 


+ 25.0 


—25.22 


—35.0 


—0.0642 


Mercury 


+ 40.2 


—10.07 


—19.8 


— .1464 


Jupiter . 


+ 34.3 


. —15.90 


—25.7 


—.0522 


Venus 


+ 29.7 


—20.50 


—30.3 


— .270* 


Saturn- . 


+ 30.7 


—19.54 


—29.3 


— .1986 



This motion has been calculated after assuming 50.2" as the equinoctial 
motion ; but our works have assumed 60" as the equinoctial motion. Hence. 
the motion shown in column 4 is the actual annual motion according to our 
works ; and if the figures denoting motions according to European works are 
to be compared at all, they should be compared with this motion. Even when 
the comparison is so made, the motions according to the Surya Sidhanta 
are found to be very erroneous. The motions according to other Siddhantas 
can also be said to be equally erroneous. None of the other works gives for 
the annual motions of an aphelion or node, a figure greater than one third of 
a second. It is greater than 1 second according to the European -system. It 
is very easy to criticise our works regarding this discrepancy, simply by seeing 
the figures on papers. But he who knows how difficult it is to observe an arc 
of one second in the sky even with the help of very accurate modern instruments 
will not blame them in that way. It has been observed by the author with 
naked eyes some conductions of planets with stars, and it has been our ex- 
perience that those two planets etc. which are actually apart from each other 
by 5 minutes (300 seconds) of arc or more, as observed through a telescope 
appear to be in close contact with each other as seen with naked eyes, in other 
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words, there appears to be no distance between them. Hence, this fact should 
be borne in mind while comparing the figures of our works with accurate 
measures of European works and we must praise our works instead of con- 
demning them regarding the apsides and nodes. We should appreciate the 
authors of our works, in as much as they recognized the. fact that the motions 
of apsides and nodes are very small. It should only be seen as to how much 
accurate the longitudes of the apsides and nodes calculated from their works, 
prove 10 be. Ihe postions of the apsides and nodes in Saka 421, have been 
given above (page 68) and their differences obtained after comparison 
with the figures calculated from Keropant's tables, have also been given. 
It shows that the positions given by our Siddhantas are very near to actual 
positions. Keropant-calculation gives sayana results, but since the ayanamsa 
in Saka 421 was about 20 minutes only, there is no harm in comparing the 
figures taking them as nirayana. The Sun's apogee, in fact, shows only a 
very little error ; but the aphelion of Venus, however, shows a considerable 
error Its cause is not known ; it is a problem worth considering. But looking 
to the remaining aphelia, it appears that the aphelion of Mercury, according to 
First Aryabhata, is less by 24 degrees, while others differ within 10 degrees. 
Those of Surya Siddhanta are more accurate than these, that of Mercury being 
less by 13 degrees and that of Saturn less by » degrees. The aphelia of Mars 
and Jupiter show only a small difference. Those mentioned by Brahamagupta 
are as accurate as in the Surya Siddhanta or even more so. The table given 
on page 69 compares Ptolemy's aphelia with those derived by Keropant s 
calculation. These positions given by Ptolemy were presumably sayana like 
his other positions and the fact is corroborated from the positions of the sun ft 
apogee and hence, there is no harm, if the figures are compared with Kero- 
pant's sayana calculations ; and the comparison reveals that even his posmon 
of the aphelion of Venus is considerably wrong and his aphelia on the whole 
show greater errors than those in the Surya Siddhanta and Brahma Siddhanta. 

The nodes given on page 68 show an average error of 4° in Aryabata's 
places. Those of the Surya Siddhanta are in error by 4°, those of Brahm'a 
gupta by 7° and those mentioned by Ptolemy (page 69 ) are erroneous by 
as many as 30 degrees. The nodes of Jupiter and Saturn given by him are 
considerably wrong. The position of the sun's apogee as given by him is 65* 
30'. The sayana position of the sun's apogee in his time i.e. about 150 A.D. 
comes to be 71°. By. no other method can one possibly get 65°30' as its posi- 
tion. None of our Siddhantas show an error of more than 1° in the sun'* 
apogee. The error of 5 J degrees committed by Ptolemy, is very surprising. 
The statement of Prof. Whitney that the Hindus borrowed the figures for ap- 
sides and nodes from the positions given by Ptolemy or by some earlier Greek 
writers is, therefore, incorrect. He has never himself compared the positions 
of the apsides and nodes calculated from European tables for Ptolemy's time, 
or for Saka 421 or for any other time. He himself says that finding their 
positions involves a very intricate and laborious calculation*. But it is not 
particularly difficult. Looking to Whitney's general ability, it can be said 
that the calculation of the places was not a difficult task for him. He has cer- 
tainly, not considered the matter properly, and an inference drawn, without 
making proper comparison, is bound to be mistaken. The very differences 
of 3 to 82 decrees between Ptolemy's figures and those of our works m the 
positions of apsides and nodes, show that the two have absolutely no connec- 
tion. The position of the sun's, apogee alone will prove this. The sun's 

•Translation of the Surya Siddhanta by Burgess, p. 283. 
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apogee according to the writers of our Siddhantas has remained near about 
78 degrees from Saka 421 to this date. It is not known since how long it 
had remained there before the date. Different Siddhantas differ widely from 
one another in respect of the places of aphelia of other planets but not in the 
case of the sun. Had the Hindus borrowed the positions of apsides from 
Ptolemy's work, how could they have changed the position of the sun's apogee 
from 65° to 78° ?. It will be seen at different places in this work that, while 
borrowing the positions of planets from other works, the authors of our works 
<io not allow a discrepancy even in seconds. This shows that the apsides 
mentioned by our works have been independently calculated* Even the 
apsides and nodes of the authors of our own Siddhantas differ considerably 
amongst themselves. This shows that even the authors of our Siddhantas 
did not borrow figures from one another, but £ach of them found them out 
independently. Whitney remarks that "the Hindus were not capable enough 
to derive such data as the apsides and nodes for themselves or to modify or 
improve them when borrowed from other sources, according to the lapse of 
time"; but on the contrary, this very charge can be made against Ptolemy. 
The sun's apogee 6S°30' given by Ptolemy was correct for the times of Hip- 
parchus who lived in 150 B. C. It shows that Ptolemy might have taken the 
figure without applying a suitable correction for his time. Calculation shows 
that the aphelia and nodes of other planets also agree with those true for the 
time when Hipparchus lived. It appears from this that Ptolemy might have 
adopted even these from the figures in use in the time of Hipparchus without 
applying suitable corrections. But no information is at present available to 
show what positions for the apsides and nodes were assumed in the time of 
Hipparchus or before him and hence nothing can be said with certainty 
about this. It is left to the readers to consider, if the Hindus could have bor- 
rowed the positions of apsides and nodes either from Ptolemy or from earlier 
Greeks* when the figures for apsides and nodes giver by Ptolemy were so 
erroneous and had no similarity with those obtained from Hindu works, and 
when it is not known at present what positions were accepted in Ptolemy's 
time, Ptolemy's figures showing the positions of apsides and nodes which were 
possibly borrowed by him from Hipparchus, and those derived from our old 
works differ from 3° to 30° in the case of the apsides and from 4* to 82° in the 
case of nodes. If we assume that the Hindus adopted these figures in their 
works after applying a suitable correction to Hipparchus figures, basing their cal- 
culation on the changes in both, which took place within a period of 650 years, 
which elapsed from the time of Hipparchus (150 B.C.) to Saka 421 (500 A.D,), 
the difference ought to have been uniform throughout, but it is not so, and 
had they assumed the difference to be due to their motion in 650 years they 
would have given a larger figure for the motions of the apsides and nodes, 
but they mention a figure which is less than 1° in 13000 years. This shows 
that the Hindus did not borrow the apsides and nodes even from the works of 
the Greeks who lived earlier than Ptolemy. There is another proof that the 
authors of our Siddhantas found out the positions of apsides and nodes true 
for their times independently. There are no means to know, if the original 
Surya-Siddhanta had given revolutions of apsides and nodes in a Kalpa or not. 
The Pancasiddhantika does not give these. First Aryabhata has not given 
also, but he has given their positions for his time. This shows that he must 
have come to know that the motions of apsides and nodes, if they had any, 
were extremely slow, but he has not given the revolutions of their motions in 
a yuga, as they could not be detected in a short period. BhSskaracarya, while 

•This remark is based on Whitney's statement. 
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^describing the method of finding the position of the sun's apogee at a given 
time, observes about its motions as follows : — 

m H it 

#tf7PT: tffs^*f qTg*mT5T ^T^^ *rq% $ ?TW qW %g$^ ^ ^f^TT: 1 1 

The purport of the lines is given below : — 

"The motion of an aphelion can not be detected even in centuries. But • 
the motions of the moon's apogee do come to notice. Assuming that the 
sun's apogee may also have a similar motion, the author arbitrarily took such 
a number for revolutions as would give correct position* for the desired 
moment." BMskaracarya has written that similar method should be followed 
in the case of the aphelia and the nodes of other planets "also. It shows that 
the authors of our Siddhantas knew how to find the positions of the apsides 
and nodes at a particular time and they have accordingly found the figures for 
their revolutions. This proves that the writers of our Siddhantas have independently 
found out positions of the apsides and nodes for their times. 

VARAHAMIHIRA 
His Date 

He was a famous astronomer, who compiled works on all the three bran- 
ches of astronomy. Let us consider his probable date. He has nowhere men- 
tioned his date explicitly. But he has already mentioned in his Karana work, 
named Pancasiddhantika that he has adopted Saka 427 as the starting year 
He must have been at least 20 years old, if he had compiled the work then. 
It is impossible that such a work could have been written at an earlier age and 
from this we can take Saka 407 as the approximate year of his birth. A line 1b 
often quoted in support of the date of his death. It runs as follows :— 

which means that Varahamihira passed away in Saka 509. It is not Jcnown if 
this line was originally in prose or in metric form, if in metric form, it is 
extremely incorrect. According to some, this line is quoted by PsthuSvami, 
the commentator of Brahmagupta. The anthor has gone through the 
Prthudaka-commentary of the first ten chapters of Brahmagupta's Siddhanta, 
but he has not come across this line in it. He has not read the commentary on 
Goladhyaya and other chapteis following the first ten. He is unable to say, if 
the line is given in this commentary or in that of Khandakhadyaka. _ This 
Prthudaka lived about the Saka year 900. If the line was written by Prthudaka 
himself, it must have been written 400 years after Varaha and hence it requires 
very careful scrutiny for its acceptance in the face of Saka 427 given by Varaha' 
himself. 

According to Prof. Weber**, it is the statement of Amargja, the commentator 
of Brahmagupta that Varahamihira died in Saka 509. He has not given the 
original quotation, but it must pobably be the same as above. It is, thereefor, 

*The apsides were assumed to be at the first point of Aries in the beginning of Kalpa. 
** See footnote 293 in Weber's book. 
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doubtful if the line is the quotation of Prthudaka or of Amaraja. Weber his. 
quoted another statement of Amaraja that Satananda was born in Saka 917, 
But the work, Bhasvatikarana of Satananda has taken Saka 1021 as the epochal 
year. There is no other well known Satananda. From this, /^maraja's state- 
ment about Satananda appears to be quite incorrect ; and hence, if it is made by 
Amaraja at all, it also deserves little or no consideration. The second point 
to be considered, is that Amaraja' s statement carries little weight since he 
lived after Saka 917, that is 4 or 5 centuries later than Varahamihira. Con- 
sidering also the correctness or otherwise of our manuscripts, if the above 
quoted line be in prose, it leaves room for doubt, if it has come down to us 
in its exact form. It is, therefore, clear that it is better to accept Saka 427 
which is given in his own work and which leaves no room for any doubt ac- 
cording to planetary positions given in it, as more reliable than to say, after 
relying on such a quotation, that Varahamihira died in Saka 509. It is true 
that the Saka year which is adopted by a Karana work need not be the year 
in which the work was completed. Thus Keropant's work has given examples 
for Saka 1772, though it was printed in Saka 1782, In the same way, Varaha's 
work could have been completed after £aka 427. Even then, the calculations 
concerning the work might have started in S~aka 427 or in about a year or two 
before or after it. Otherwise there seems to be no other reason for adopting 
Saka 427 as the epochal year.. If he was not born in Saka 427, there was no 
possibility of adopting that Saka. This shows that he was not born after 
Saka 427 ; not only this but it is felt that he must have been at least 15 or 
16 years old in that year, and he must have selected that year for solving ex- 
amples ; and that is why the year appears in the work. There is no other 
probable reason for its mention in it. The mean sun's entry into Aries oc- 
curred nearabout the first lunar day of the light half of Caitra (i.e. amanta 
Vaisakha) in Saka 427 ; and he must have adopted the year Saka 427, because 
it was convenient to calculate the mean positions of planets for the moment 
and to describe the x method of calculating ahargana from .the 1st lunar day of 
the light half. It is just possible that the work might have been actually com- 
piled even later. But even then, the mean sun's entry into Aries apears to have 
occurred near about the first lunar day of the light half hrSaka"419 before Saka 
427 and m Saka 438 before that year. The year 419 need not be considered 
at all and the figure 438 has not been adopted. This shows that the work was 
completed before Saka 43*. The Paneasiddhantika mentions Arafekata's 
name and his work was compiled in Saka 421 ; hence, one may be led to raise 
the objection that there was hardly any possibility of Aryabhata's work having 
become so famous in a period of 6 years ; but the objection is'not worth much 
consideration. Varaha's work could possibly have taken 4 or 5 vears more 
alter baka 427 lor completion. It is, therefore, not quite impossible for the 
wen Known astronomer, devoted to the same work and residing in the famous 
fJ Ui Ava ? tT ' to have noticed Aryabhata's work or to have known his viewsr ' 
iHwT? for 1 ce f ta . in that »n Saka 427, Varahamihira was old enough to be 
old in s a £ °^7 Ul f 10nS " If ; ^ erefore ' ^ be supposed that, he was 15 years 
SnmSJriS i\ year ,° f birth comes to bc g aka 412 and if Saka 509 be 
To^ t!nn«cl r/ ear ^. f h i S death ' his a " e at death comes t0 b e 97 which is 
sideradJ^c^ 1 ^ I** birtn ^ ar of Varahamihira, then, from all con- 
adopted riaka 4 V° b f about , Saka ^ It is just possible that he 
hirth TW • I aS the startm § * ear ' because h was his year of 
Jaka427 " nowcver ' no doubt that his birth year is not later tham 
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The following verse from the work, Jyotirvid&bharana, shows that Varaha- 
mihira was one of the nine gems at the court of Vikrama, i.e. near about the- 
commencement of the Vikrama era :— 

The famous Varahamihira was one of the nine gems at the court of King 
Vikrama. . These nine gems were —Dhanvantari, Kspanaka, Amarasimha, 
Samku, Vetalabhatta, Ghafakharpara, Kalidasa, Varahamihira and. Vararuci". 

_ It has been mentioned in this work that it was compiled by the famous poet~ 
Kalidasa who composed the poems "Raghu", "Kumara", etc. and the verse. 

V^rf#T^ : II 

This work was begun in Kali-elapsed year 3068, in the month name 

Madhava. 

It is stated in the verse that the work was commenced in 3068 elapsed from 
Kali, that is, in Vikrama Samvat 24. But it also describes the following, 
method of finding ayanamsas for a particular- year. 

*n-rar: srchfftfa^ft w* fasft §tft tt?f m^€ ^o T * Mten> T: fj: 1 1 

Subtract 445 from the Saka number (of the year concerned) and divide (the^ 
remainder) by 60, and the result woul d be the ayanamsa. Also, the first 
chapter contains the word W 3TTff*rF^Trf3*Pf : meaning, 'as accepted 
by Varaha and others" and hence this work cannot be relied upon.„ 
If some other Varahamihira had lived about the commencement of Vikrama 
era, as mentioned in this work, he must have been a different person from the: 
compiler of the Paficasiddhantika* 

His Lineage, Residence, etc. 
Varahimihira observes in Brbajjataka, 



*The late Raghunath Sastri Tembhukar, an astronomer of Poona, gave me a verse about 
the date of Varahamihira, which he reported to me to have taken from the Kutuhala Mafljari, 
belonging to Rajarama Vyankates Sastri of Bidar. The verse runs thus :— 

^TTfeffT: 11 

(Meaning :— The Brahmana 'Varaha' son of Adityadasa and proficient in Vedadgas, was 
oorn with the blessings of the god Sun, on the 8th lunar day of the light half of Caitra,in the= 
year named Java, in the_ Yudhisthira Saka 3042). Varahamihira, the author of Paficasiddhan- 
tika also was "son of Adityadasa, who got him with the blessings of the god Sun*. But the 
year mentioned m this verse does not agree with calculation by any method whatsoever ;. 
nence, the verse is not reliable. 
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"Varahamihira, who was the son of Adityadasa, from whom he obtained 
^knowledge, who was blessed with the god Sun at Kapitthaka and lived in 
. Avanti, compiled this beautiful 'hora' work, after studying the views of sages 5 *. 

This shows that Adityadasa was the name of his father, from whom he mas- 
tered all knowledge. He received blessings from Sun at Kapitthaka and was 
the resident of Ujjayini. Kapitthaka must be a place near about Avanti, and he 
might have lived there for some time. That he was the devotee of Sun, is 
apparent from the prayers chiefly offered to Sun god in the benedictory verses 
he has given at the beginning of all his works. The following verse from the 
Pancasiddhantika shows that his tutor in astronomy was a preson different 
from his father : — 

SFFF ^ ^ mm iNTfaFj T: f^ft $&: II \ II 

That he was the resident of Ujjayini can be seen from 4 or 5 of his referen- 
ces made elsewhere. 

Foreign Travel. 

* Some people are found to believe that Bhaskaracarya went to Greece to 
learn 'astronomy'. But, looking to his works and to those of his earlier 
"writers, this belief appears to be quite baseless. The same remark is also 
made, about Varahamihira by some. But his works and Bhatotpala's comm- 
entary on them show that works on all the subjects deat with by Varahamihira- 
in his works existed in plenty in our country before him and hence he had 
no reason to go to a foreign country. 

His Works 

He has compiled works on pilgrimage (travel), marriage, mathematics 
{Karana), Horn (astrology), and Samhita (Astronomy). His famous work 
-on the Samhita branch, known as Brhatsamhita was compiled by him after 
-all other works as can be seen from his own remark made in the Brhatsamhita. 

4\<\*M * fa*TO^ 3f^ ZTT^TfaarTf: ^s«ptw' I) \* II 

"I have treated in my Karana work the questions of direct and retrograde 
motions, the rising and setting of planets and luminaries ; the work on Hora- 
branch which includes the description of birth in detail, has already been des- 
cribed along with the subjects on travel and marriage". 

The work on Hora-branch, alluded to by him, in the above verse, refers no 
-doubt, to the Brhajjataka. The following verse from the Brhajjataka shows 
ihat the works on marriage and Karana preceded the Brhajjataka while that on 
travel (yatra) followed it. 



W^^'Mm^ ■■■■■;■■ zfr- 

. . .f^T^FW: tot* s^r srtaf <r*v ?rfeq?rr ^ w«T.i.*it 

WrtK T 5 e 8r °i! ip ° f three .^ ects > *¥* I will describe along with the subject of 
tw,i ha y e . been <F? n ir 25 ch ** teh ' • ■ •«» subject of mirriage and tSt of 

irfJ h fJ BttWa 'r ffk rd f red t0 in itis the Pancasiddhantika itself. It does not 
refer to any other work compiled earlier. Tins consideration and the const 

VSS ImUfk Ie Utr?atf beUeVe , that ^P^asiddMntM i^tfTas 
shows tha? his wnrV ™ P ^ commentary on chapter 1, of the Brhatsamhiti, 
snows tnathis work on marriage was known as Brhadvivahanatala * Thi* 
work and his work on pilgrimage are not available at prS teUs clm- 

^TOTT** ^*?*rr ffRS frftef STT^Tfor It 

mor 5 w ei ^i tlld l in ?i, tbe SCientific wor £ s com Piled on the subject of astrology 
(Hora), I describe their summary in Arya metre." *»«o*ogy 

Circulation of Works 

This shows that the Laghujataka is the abridged edition of Brhaiiataka 
From all considerations the order of his work? seems to be as follow?.i 

samhi^^f^ Yf aha P a ? ala > BrhajjStaka, Laghujataka, Yatra, Brhat- 

af^YktrPLn §? a , talC \I- t} S might have *** P roba % compikd 
alter Yatra and Brhatsamhita. The works, Brhajjataka and Laimuiataka 
are very much m use amorgst astrologers even .to ihis day ; and both of them 
have been printed at Bombay, Poena, Varanasl and o&e -places and riibt 
have been pubhshed m several places in different scriDts Dr kw«L ?? 

im volume of the Royaf Asiatic Society. The text of the Brhatsamhita has 
^P u ^f '» AeBtbliothica Indies at Calcutta. The JagaSa j>tZ 
ta*&T P teX ' ° f B f hate »P hM *W with 8 to Ma?afti 

Commentary 

and B th?R?w-i S J h t ? amous comm entator of Varaha. The Brhatsamhita 

dav E^T^f bemg r\ n ^ 1 wor H have remained in useup toS 

-been the cam, nf H?* 7 "^f ^ Sai ? T that Ut P ala ' s commentar> hasspecia^y 

TamVtT £ S ?f thei - P°P ula ?y- Utpala, in his commentary on the Brhat- 

S£ V^ d,scms * on OD Ni^jana vidhi \ remarks « commented m detoH 

mental on SKStf *"? " **** ft° WS * at ^^ has wri " e * a «>m- 
StakHko n.r° k OT - P**RW He wrote a commentary on the Laghu- 

upon btut P S? Cr Tle r d a S f Sffi* ?<? BOt appCar to luWB *« «»Sirf 
pun oy utpaia. The date of Utpala's commentary comes to about iSaka 
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*88 i.e. about 400 years after Varaha. His remark " others hold this -view " 
in the commertary oh Rahucara and at other 2 or 3 places, show that there 
were other commentaries on tne Brhatsamhita before UftpaJsa's time. The 
commentaries on the Brhajjataka by Mahidasa and Mahidhara are in the 
Deccan College collection (See Nos. 341, 343 of 1882— 83 A.D.). ' 

Description of His Works 

A more detailed description of the Brhatsamhita, the Brhajjataka and* the 
Laghujataka will be given later on. A description of the ' Pancasiddhantika, 
Ais works on mathematical-branch, has been given before in almost full details. 
The remaining points will be dealt with here. 

A verse has already been given above which remarks, " I have described in 
the Karana work the questions of retrograde and direct motions, setting and 
xising of plantets, etc." Later on he observes, 

WS ^T *PTT *TT ^f^nfr^ fattm: I 1 ctfsaR ^r W ^f 

%. *f. 3T. ?>3. 

i " ] 5 aVC i ncor P° rated from the Surya Siddhanta in my Karana work, the 
knowledge of predicting, like the seers of the three times (past, present and 
future) when and how war will take place." 

\ u - Ari i? U these questions, have been dealt with by him in the Pancasiddhan- 
£f% Thl t re ™ arlc and other proofs also show that the Pancasiddhantika 
itself was his Karana work (i.e a work on practical mathematics). Nowhere 
ir the book has he mentioned Pancasiddhantika as its name. 

*. fa. 3T. ^ 

ih~ "J rCe / r ° m J ca l° u sy. Varahamihira has given this excellent short treatise on 
tne planets comprised m 18 aryas." 

In this, he calls the work as a Karana and a Tantra. He has atone more 
place in the Pancasiddhantika, called the work a Karana or a <¥an*m ? uES 
nas given the name of Pancasiddhantika to the work. It has aSadv been 
pointed out that he.has translated the five Siddhantas. He hi recommended 

by S ZSg^gS^"*** to . fl " mCan P ° Siti0nS ° f P^sTen^ 

15 sec^ds^a? SSfeddS£ *^f**™™ Places of planets :- 
T t to be added to&£» -2? t« £ ^ £ M 7V, 10 to * d*™** from Jupiter ; 
lo Mercury.' ™ , 25 to be subtracted from Venus and 120 to be added 
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It has already been shown above that none of the Stddhartas of the Panca- 
siddhantika was compiled by Varahamihira and these corrections prove the 
fact beyond doubt. Had the places and motions of planets giver in any one 
of them been calculated by him, there was no need of mentioning the corrections. 
It has been pointed out before that the elements given in Bhasvatt karaaa taHy 
after these corrections are applied. 

Varahamihira has. mentioned the mean places from different Siddhantas. 
The explanation of eclipses is also given in different ways from different works.. 
However, the following verses from chapters 1 and 18 show that in mentioning 
them it was Varaha's intention to show that he has rectified in his work these 
*tcms which the earlier authors of Tantras were unable to do. 

?T^NfW *lc«KHf**W **# ^.m^t: It K II 

f?spft«rfcrf^<«f>«[MHiui^m^m^r^: 11 
xTTxn^fqW SwfcK«im ^Tft^r ii ^ ii 

;3W^rercrs*n35f*i+iM*>*i i« rfa 1 1 \s 1 1 



stOT> ^m sftf tfft ^ f**m$t i i|u 



irwmc \ 



arsirre ?<; 



The above verses mean 



(No. 5) *' That subject which is the greatest mystery, which perplexes the 
minds of the writers of astronomical works, viz. the eclipse of the 
sun, I am going to explain in this work, dismissing all jealousy." 

{No. 6) " Moreover these are contained in this work, the (rules for the 
calculation of the) direction, the duration, the period of total 
obscurity, the hypotenuse, the time of the measures (t .e. beginning, 
middle and ending of eclipses) ofuhe eclipses or (eventual) non- 
eclipses of the moon, the conjunctions and obscurity of stars and 
planets, the means of finding the difference in longitude." 

(No. 7) " The prime vertical, the rising of the moon, the construction of 
astronomical instruments ; the shadow of the gnomon ; other 
useful matters ; the sine of the terrestrial latitude ; the sine of 
colatitude ; the declination and other subjects." 

Similarly, 

(No. 59) " This Karana work has been accurately compiled by Varaha- 
mihira, since Pradyumna broke down in his efforts (over the 
calculation) of Mars and Vijayanandi over that of Jupiter and 
Saturn." 

It, therefore, shows that he must have done something more than the 
original works included in the Pancasiddhantika. The corrections to mean 
planets mentioned above is one of such items. There are no means to know 
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what the other items were. It is not, however, .possible that he might haver 
made great changes in the original. It appears that he retained those things- 
from the five Siddhantas which, he thought showed an agreement with experi- 
ence, and those generaLmethods which were theoretically sound in his opinion, 
and omitted the remaining matter. It seems also possible that he must have 
evolved his own methods concerning the questions of 'desantaraV (difference 
In longitude) calculation of chaya (shadow) ; grahana (eclipses) and chedyaka 
(projections). 

He at first compiled the Karana work. But later on his Samhita works^ 
show that his attention was drawn very much to astrology and various natural 
phenomena, properties of matter and their utility in everyday life* Brahama- 
gupta has crticised earlier astronomers, but has nowhere criticised Varahami- 
hira.* Bhaskaracarya has praised him and has taken Varahamihira's quota- 
tions in support of his statements in a number of his works. There have been 
several authors who wrote on 'astronomy' as a branch of natural science, 
but it can be said that there has been no other astronomer after 
Varahamihira who has himself treated several branches of natural science 
itself. It is a matter of pride to us that such a scholar lived in our country 
in such an ancient time. But while his works on astrology have been found 
very useful to this day, his works on Samhita have neither been much studied 
nor been used to that extent. Had the studies of properties of matter continued 
on the same line without any break, the Europeans could not have surpassed 
us in this field. But it is misfortune of our country that the tradition was, 
not continued. 

SRliSEIsfA AND VISNUCANDRA 

These astronomers lived sometime after Varaha and before Brahmagupta,, 
that is, between Saka 427 and 550. Their works are not now available. The- 
view, that the Romaka and Vasistha Siddhantas were either compiled by then**, 
or with the help of their works, have already been considered before. 

BRAHMAGUPTA 
Date 
Brahamagupta writes in his work, Brahmasphutasiddhanta 

^T^^^tfs*i?f: 7^T?xfr#: XX* II vs II 
SH^T: ^fefa: ^^rPwft<Hfa^4 II 

From this it seems that Brahmagupta compiled this work in Saka 55# 5 
when King Vyaghramukha of Capa dynasty was ruling. His father's name 
was Jisnii. Brahmagupta was 30 years old when he wrote Brahma Siddhanta 
in Saka 550, which shows that his birth year was Saka 520. 

*Brahmagupta has criticised Varahamihira for not stating that Rahu, who envelops the 
moon while it enters the earth's shadow, was the main cause of the eclipse ; but this is really 
not a defect ; and in reality even Brahmagupta did not mean to blame him. 
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Brahmagupta was the resident of Bhinamala. This village is tittxated oti 
the northern border of Gujarat in South Marwar, 40 miles to ti»p ''MMM^ «f 
Abu, between the mount Abu and the rivcf Luni It is now <a-strtatt-*IIaiB. 
Formerly jit was known as Bhilamala or Srimala. It was the birth place of 
poet Mjlgha. It was the capital of north Gujarat, when Hiuen-Thsang, the 
Chinese traveller visited this country m the 7th century A.D* Brahmagupta com-- 
piled his SiddhantadM^gther^^^Vy^ratifmfelift of ttia Capa dynasty and 
he called himself BhiUamalakacarya*. Some descendant kings of the Cavadft 
or Capotkata dynasty ruled at AnhilwSda from 756 to 941 A.D. ; and even at 
present, they are rulers of petty states in north Gujarat. This Cavada dynasty 
must be identical with the Capa dynasty referred to by Brahmagupta. Hiuen- 
Thsang has mentioned Bhilamala as the Capital of Gujarat abopt $he time of 
Brahmagupta himself, and the traditional account that Brahmagupta was <he 
resident of Bhilamala, is still found in Gujarati works on astronomy. This 
shows that Brahmagupta may be the resident of fch&EmMa**. 

His Works 

The Branmasphutasiddhanta and the Karana work, named Khandakha, 
dyaka are his well known works, and in the latter he has adopted Saka 587 as 
the epochal year and this shows that he compiled this work at the age of 67, 
He writes in the Brahma Siddhanta. 

qfam vM fas srr^ tarwrf <kfMi4 n &xm$ f&F&wfrti * fwfeRffcr wn it 

areqr. RV. 

'* Since the chapter named 'dhyanagraha' gives sure results of mathematics, 
I have not included the chapter, dhyanagraha, consisting of 72 verses in this 
(Siddhanta)." ' 

It therefore shows that he had written a chapter named 'dhyanagraha 
consisting of 72 couplets and he had mentioned some results in it. He states 
that it has not been included in the Siddhanta work, and it is not at present 
available as an independent work. It is not, therefore, known if it contained 
any astrological deductions or some results like those of Samhita works ; but 
the above couplet suggests that it was a very important chapter and meant to 
be taught secretly to students. 

Other Versions of Brahmasiddhanta 

A couplet is already given on page 4 which states that the science of 
astronomy is being described in a correct form in it, since, the science, as 
revealed by Brahma, has become loose on account of lapse of time. There 
is a well-known Brahma Siddhanta by Sakalya, which is supposed to have been 
described by god Brahma to Narada ; but it has already been pointed out on 
page 50 that it was not compiled before Saka 743, and that it does not resemble 
the Brahmagupta Siddhanta in respect of the numbers of revolutions and 
other elements given by Brahmagupta or in other respects. This shows that 
the two are not related at all. One of the Turanas' known as " Visnudhar- 
mottara Purana f\ contains a Brahma Siddhanta. Bhototpal has taken 

m.-vt^ aru " a ' _ ne comm entator of Khandakhadyaka, has given him some such title a* 
cnillamalakacarya, and it is found at the end of some of the manuscripts. 

** Indian Antiquary, XVII, page 192, July 1888. 

tThere is a copy of this in the Deccan College collection. I 
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in Brhatsamhita a number of couplets from Brahmagupta Siddhanta and he 
has referred to all such places in such words as 'Brahma Siddhanta* or 
'so says Brahmagupta'. Nowhere has TJtpala referred to tfoefce couplets 
as 'from! Brahma Siddhanta of Sakalya' or 'from Brahma Siddhanta included 
in VisEmdharmottara Purana'. This shows that the two Siddftarttas, it 
existing then at all, were not much known ; and according to Utpala, at 
any rate the Brahmagupta Siddhanta was the one compiled by Brahmagupta. 
Even Brahmagupta calls his Siddhanta everywhere Brahmasphuta Siddhanta 
or simply Brahmasiddhanta. The author has also called this Siddhanta 'Brahma 
Siddhanta' for convenience in this work. 



Elements 

The numbers of revolutions and other elements mentioned in the Brahma 
Siddhanta are given below :— 





In a Kalpa which is a period of 4320000000 years 




Measures 

like savana 

days, etc. 


Revolutions 

in 
longitudes 


Revolutions of 




apsides nodes 


Revol. of stars 


. 1582236450000 




. 


The Sun 


• 


4320000000 


480 


Savana days . 


. 1577916450000 






Moon . . .. 


. 


57753300000 




Moon's apogee 


• 


488105858 




Moon's ascending nod< 


■s • 


232311168 




Mars 


• 


2296828522 


292 267 


Mercury 


• 


17936998984 


332 521 


Jupiter . 


* 


364226455 


855 63 




In a Kalpa which is a period of 4320000000 years 




Measures 
like savana 
days, etc. 


Revolutions 

in 
longitude 


Revolutions of 




< \ 

apsides nodes 


Venus . 




7022389492 


653 893 


Saturn . 




146567298 


41 584 


Solar months . 


. 51840000000 






Intercalary months . 


. 1593300000 






Lunar months 


. 53433300000 






Tithis . 


. 1602999000000 






Suppressed tithis 


. 25082550000 




w* 
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d gh p ym pvp 

Length of the year = 365 15 30 22 30 



■ h 'U i iD.-.u ..il' i ul i k,jU 



All the measures in this table are given for a Kalpa. No mimtfer can be 
found which can completely divide the numbers demoting the revolution of 
all planets, and hence, according to this frrahma Siddhanta the mean planets 
cannot all come together at one place, at any moment other than at th> beginn- 
ing of Kalpa. All the planets come together by mean motions at the beginnin % 
of Katiyuga according to the first Arya Siddhanta or the two Surya SiddhantaS, 
but they are not so conjoined according to the Brahma Siddhanta. T&Sj 
Siddhanta does not, like the modern Surya-Siddhanta, assume any period 
spent over creation. According to this, the moment of commencement of 
the Kalpa coincides with that of the planets starting to move. 

Length of Year 

The first thing to be remembered is that the length of the year, viz. 365d 
15g 30p 22vip 30pvp, as adopted by this Siddhanta, is less than that adopted by 
any Indian Siddhanta except the Pulisa and Romaka of the Pancssiddhantika. 
It has been clearly pointed out in the discussion of the ancient and modern 
groups of five Siddhantas that the Pulisa and Romaka Siddhantas of Panca- 
siddhantika were not in use in Brahmagupta's time. The first Arya Siddhanta 
and original Surya Siddhanta were in use in his time. Of them, Brahma- 
gupta's length of the year is shorter than that of the original Surya Siddhanta 
by 67| vipalas and by 52| vipalas than that of the first Arya Siddhanta. This 
difference appears to be very small, but because of this (small) variation the 
moment of the mean sun's entry into Aries in Saka 540, according to Brahma- 
gupta, occurred 54gh 14£ pals earlier than that according to the first Arya 
Siddhanta and 54gh 43| pals earlier than that according to the original Siirya 
Siddhanta. What then is the cause of this variation ? The cause seems to be 
only one that he assumed the solar ingress into Aries to have occurred on the 
day on which the day and night were of equal length, i.e. on the equinoctial 
day, when the sun rises on the horizon exactly in the east. This moment of 
the solar ingress is nothing but the entry of the sun in the say ana (tropical) 
sign of Aries. The. moment of the sun's actual entry into the tropical sign of 
Aries on or about the day when Brahmagupta might have taken actual observa- 
tion, coincided with the moment of the same phenomenon as calculated from 
Brahma Siddhanta. The moment of the true sun's entry into Aries in Saka 
509, as calculated from Brhamagupta Siddhanta comes to be 56gh— 40p 
after mean sunrise at Ujjayini on Tuesday, the 3rd lunar day of Caitra Sukla, 
the 18th March 587 A.D. ; and the time of the entry of the sun into sayana 
Aries (i.e. sun's longitude being s 0° 0') comes to be the same moment on the 
same day during that year.*. Brahmagupta was born in Saka 520. He 
might have begun the taking of observations from about Saka 540. Hence, 
-the calculation, according to Brahmagupta, for the year Saka 540, shows that 
the apparent Aries ingress appears to have occured at 57gh— 22p (after sunrise) 
on Saturday, the first lunar day of the dark half of Caitra and the tropical 

T hi^* 16 s5yana calculations have been made with Keropant's Planetary Tables. As these 

* aoJes are not quite accurate, the phenomenon will perhaps be found to occur a year earlier or 

later. Similarly, the secular equation has not been applied to the sun's place in the abovp 

calculation, it would come to about two minutes, which may cause u variation of a year or two f 

7i 
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longitude of the sun conies to be § 0° 30', which shows that the sayana Aries- 
ingress took place about 30gh before the moment calculated from Brahma 
Siddhanta. But the sun's declination increases only by 12 minutes in 30 
ghatis nearabout the equinoctial time. Hence, in Saka 540, the sun must 
h a*e been to the north of the equator by 12 minutes at the moment of the- 
sun's entry into Aries according to Brahma Siddhanta, and if the sun had 
cometo the first point of Aries (Mesa Samkramana) according to Brahmagupta,. 
at sunrise, the sun's centre would have appeared 12 minutes to the north of 
the east point. But it is not that the equinox always takes place at the time 
of sunrise. Any one experienced in the taking of observations will easily 
admit that an error of 12 minutes arc is possible because errors of some minutes, 
can occur in the determination of directions and also the fact that the instru-, 
ments of observations used to be crude ; and these considerations lead me to be 
convinced that he must have taken the sun's entry into the tropical sign of 
Aries as the moment of Mesa Samkranti. He ovserves in the Siddhanta, 

ar. ^Y. 

" If Siddhantas are different, so must be the moments of the sun's entry 
into signs ; but when the sun is on the equator, it is actually seen rising exactly 
in the east." 

The purport of the verse is that the moments of the sun's crossing as seen 
in the sky will not appear* to be occuring at different moments. This refers to* 
the sun at the time of sunrise on the equinoctial day. It is clearly the place 
of the tropical sun and Brahmagupta has clearly recorded the place by actual* 
observation. Brahmagupta did not know that the equinox has motion and 
even if it were known before his time, he undoubtedly did not take it into con* 
sideration. Hence, he does not differentiate between the sayana place of the 
sun and that found by calculation from his works (i.e. nirayana). He attemp- 
ted to see that the place calculated by his work will exactly tally with that of) 
the tropical sun ; but this was a correct step only so far as his own time was- 
concerned. The reason for this is that though equinox occurred 54 ghatis 
before the calculated time, but yet he could not ignore the traditional belief* 
that the mean sun was at the first point of Aries at the commencement of the^ 
Kaliyuga (i.e. at sunrise, on Friday, according to his view). He, therefore, 
distributed the error of 54 ghatis over the period of 3730 years (the period 
between the commencement of Kaliyuga and the date of compilation of the 
Brahma Siddhanta ) and he so effected the adjustment that his work should 
give the moment of equinox to tally with the entry of the sun into the tropical- 
sign of Aries, that is, the moment when the sun actually appeared to rise 
exactly m the east. This adjustment diminished the length of the year only 
by a few vipalas. If he had not to encounter the difficulty of distributing the 
error over the period from the Kaliyuga to his' own date, and if he had just 
considered how much earlier than a particular date the equinox had begun 
to occur in his time, he would have done one of the two things— accepting, 
lor the length of a year, the measure of the tropical solar year, -viz. 365d Ugh 
52p, or to retain the traditional length of the year and to assume some motion 
tor the eq uinox. He compiled the work Khandakhddyaka 37 years after the 

* T t i<; because of this kind of disagreement that he remarks "Brahma Sidhanta is the 
oni ; . Mddhanta, while others are more compilations" and often criticises other 
iidciiisntts The Samkr&nti according to others, occurs later by one day than according 

tO " ' ''-vCTk. • 
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Siddhanta and he adopted in it the length of the year given by the original 
Surya Siddhanta. This shows that he must have inclined to adopt some 
motion for the equinox after retaining the length of the year once adopted or 
«ven after being convinced that he must adopt, the actual measure of the tropi- 
cal year, as the length of the year ; he was not bold enough to discard the tradi- 
tional length of the year and to alter the one already adopted by him while 
compiling the Siddhanta. Bhaskaracarya has remarked " how is it that profi- 
cient astronomers like Brahmagupta have not mentioned the equinox* ?" - It 
shows that Brahmagupta's original works make no mention of the equinoctial 
motion. 

Sayana 

Whether the almanac should follow the sayana or the nirayana system 
is at present a matter of controversy. A point favourable to the followers 
of the sayana system is noticeable in the above discussion, and it is that it 
was Brahmagupta's original view that the sun's entry into a tropical sign was 
the actual. 'samkramana' and it was his desire to alter the length of the year, 
which he did accordingly. Had he carried on observations throughout his 
life and compared the results, it was not impossible for a scientist like him 
to hit upon the correct measure of the tropical year. It may be that he might 
have come to know it and still was not bold enough to discard the traditional 
one. The reason for his measure of a year which is shorter than that of others, 
has not been explained by the author because he was a follower of the sa\ana 
system. Even the staunchest follower of the nirayana system will have to 
admit its corrections. 

Correcting the Planetary Elements and Observations 

The numbers showing the revolutions of planets etc., as given by the Brahma 
Siddhanta are somewhat different from those of the other Siddhantas. How- 
ever, the comparison of mean places of planets in Saka 421 obtained from the 
Brahma Siddhanta with those of modern European works (page 63) shows 
that there is not much difference between them. It shows that Brahmagupta 
adjusted the numbers of planetary revolutions so that the calculated planetary 
positions for his time would agree with observations. The result of the com; 
parison of apsides and nodes made on page 68 abVve also shows his inde- 
pendent research in that direction. Hence, the length of the year, the number* 
showing revolutions of planets, nodes and apsides, point to the fact that 
Brahmagupta was an independent research worker who used to take observa- 
tions for himself ; and this is the main important factor in astronomy. His 
-works reveal at several places the spirit of independence and self-resp 
expected of such a personality. He says in the Chapter on true places, 

■*•' The true places obtained from the element like epicycles, aphelia and th» 
mean sun and the mean moon, as mentioned by Brahmasphutasiddhanta 
give the correct tithi ; that obtained from other tantras is far from accurate." 



*See Golabandhsdhikais— wnmentary on coupkts 17- 1 ?-. 
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He maintains here that the tithi calculated fr,om other tantras is far from, 
accurate and that the tithi calculated on the basis of the sun and the moon 
according to Brahma Siddhanta is correct. 

ar. R. 

" The true places of Mars and other planets calculated from the ignorant 
Aryabhata's work giving mean positions of planets, aphelia and epicycle*., 
prove to be wrong, they are found correct when calculated from the mean, 
positions and other elements given by Brahma Siddhanta." 

Here he maintains that the positions of Mars and other planets are correct 
when calculated from the aphelia, epicycles and mean planets according to» 
Brahma Siddhanta but are incorrect according to Aryabhata. There are 
many such instances showing his pride. This pride has, in some cases, run- 
to such excess, that one cannot help feeling that it is little short of arrogance. 
He has appended in his Siddhanta an independent chapter, named, 'dusana- 
dhaya' (No. 1 1) consisting of 63 couplets. Some of the charges levelled against 
Aryabhata in it show sheer obstinacy on his part. 

Subject matter of Brahma Siddhanta 

He has incorporated in the first ten chapters of his Siddhanta, the chapters- 
which are usually found occurring in almost all the Siddhantas and been 
enumerated in the 'Introduction of this book'. But he has treated many 
more subjects in the next 14 chapters and they are very important. One of 
them is the chapter of criticism. One deals with arithmetic and another with 
algebra. Yet another describes instruments. Most of the remaining chapters 
are devoted to the theory underlying the subjects dealt with in the first half. 
The 12th chapter is devoted to arithmetic, mensuration etc. the56 couplets of 
which, include almost all the questions dealt with in Bhaskaracaryd 's 'Lilavati* 
The 18th chapter mainly treats of algebra, and contains 102 couplets, but- 
nowhere does it actually mention the word algebra. The chapter is entitled 
i Kuttaka\ It contains a number of subjects found in Bhaskaracarya** 
'Bfjaganita' (algebra). It contains a chapter headed 'Kutfaka' and it is given, 
mainly for being used in the calculation of mean places of planets etc. in 
astronomy. The Brahma Siddhanta has 24 chapters and contains 1001 
Couplets. 

Commentary 

The Deccan college collection has a copy of the commentary by PrthOdaka 
on the first ten chapters. Colebrooke has recorded that he had obtained 
the complete commentary. Colebrooke translated the portions dealing witlt 
arithmetic and algebra from the Brahma Siddhanta into English in 1817. 

Interpolation and Yogas 

Brahmagupta has mentioned the number of verses at the end of "fcmy 
chapter. He seems to liave taken this precaution, because he knew fro* 



experience that changes arc often made later in the original. In spite of tins 
precaution there appears to be a discrepancy in respect of a few couplets *n 
the work. Three couplets are actually found in the book without any com- 
mentary but they are not found at all in the commentary by Prthudaka. One 
of the three couplets in the chapter on true places is particularly noteworthy 
since it deals with Viskambha and other yogas. It describes the method of 
calculating yogas, but it is not found in the annotated edition. One is, there- 
fore inclined to believe that Viskambha and other 26 yogas which form a 
part of the present almanac, did not exist in Brahmagupta's time, that is to say 
Vyatipata, Vaidhrti and other yogas did not exist in his time. They art 
not given even in the Paficasiddhantika. This point will be discussed «la- 
borately in the study l of almanacs. 



Khandakhadya 

It is now proposed to review briefly his work 'Khandakhadya'. The 
name 'Khandakhadya' is strange and the object of giving such a name is not 
known. This has two parts Purva (first) and tlttara (second). The first 
part consists of 9 chapters which contain 194 couplets. The second par 
consists of 5 chapters comprising of 71 couplets. Brahmagupta observes, 
in part one, at the very outset ; 

^Tfa ^^ra^rai^*THg^TO?r It \\\ 

SfOTP^T^ 5T^R: srfrfof >RftarW: II 

"(1) 1 compile the work, Khandakhadya, which gives results equivalent to 
those given by the great scholar, 'Aryabhata (2) Since it is impossible to 
carry on every day affairs with Aryabhata's wprk, this work is being compiled 
so as to give easily equally accurate results relating to matters like birth, marriage 
and the like." 

In these verses he states that he is compiling a Karana work, the calculations 
from which give equally correct results, or in other words which would give places 
of planets similar to those obtainable from the Aryabhata's work which is 
impossible to use in day-to-day life. The Khandakhadya has adopted the 
length of the year (365 d — 15 s — 31 p — 30 up ) given by the original Siirya Siddhanta 
and not that of the Arya-Siddhanta ; and hence, he hadUo assume the beginning 
of the yuga at midnight and not at sunrise as assumed by him m his own Siddh- 
anta. or as in the Arya Siddhanta. The epoch in Khandakhadya is Saka 587, 
and the apparent first lunar day of the light half of Vaisakha (according to the 
'amanta' system) falls on Sunday in that year. The epochal positions in it 
are true for the midnight of Saturday, the new moon day of amanta Caitra 
U. for the midnight preceding Sunday ; and the ahargana is to be calculated 
from that moment. The mean Aries Tngress according to the original Sury* 
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Siddhanta falls at 12«-9»* on the same Saturday. The epochal positions 
given are as follows :— 



// 



Sun 








32 22 


Mercury 


9 


44 


49 


Moon 





9 


9 43 


Jupiter 


6 


4 25 


16 


Moon's apogee 


10 


8 


28 9 


Venus 


10 


19 


14 


Rahu 





18 


47 23 


Saturn 


9 


6 41 


16 


Mars 


3 


10 


13 6 











If the places of planets, true for the midnight of Saturday, the Caitra 
Amavasya of Saka 587, be calculated on the basis of the numbers of revolutions 
and other elements given before on page 23— from the original Surya Siddhanta, 
^.™, tten J exce P l "« moon's apogee and node, are found exactly to agree 
with me above positions. They do not agree with those calculated from the 
Arya Siddhanta. It appears from this that the Khandakhadya-Karana agrees 
with the original Surya Siddhanta with respect to alfitems like the length of 
the year, the initial moment for computing ahargana and almost all the 
epochal positions. The revolutions of the moon's nodes are not met with in the 
original Surya Siddhanta. The place of moon's apogee does not agree with 
that of the original Surya Siddhanta, but it does not also agree with those of 
the Arya Siddhanta or the Brahma Siddhanta. The moon's node too does 
not agree with either of the last two works. As the length of the year and the 
initial moment of the year adopted for Khandakhadya were diiferent from 
those adopted in the Brahma Siddhanta, it is clear that it was no use adopting 
™5 ,JP» al tfakhadya the moon ' s apogee and node adopted in the Brahma 
Siddhanta. It is true that the Khandakhadya does not agree with the Arya- 
bhata Siddhanta completely ; still, as some of the elements in the Aryabhatiya 
were equal to those m the original Surya Siddhanta, the mean positions" of 
planets calculated from Khandakhadya for S~aka 587, almost resembled those 
rom the Arya Siddhanta. 

Brahmagupta, observes in the very beginning in the latter portions of the 
Khandakhadya, that he would describe the method of finding apparent places 
of planets because those calculated from Aryabhata's work did not agree with 
observation. On this, Varuna, the commentator, remarks, " Brahmagupta 
has declared that he was going to compile a work as good as that of 
Aryabhata, and he did the same in the first half of the work. In the second 
halt he has mentioned an equation from his own Siddhanta to ensure results 
agreeing with observation. Now only those things which have not been 
mentioned therein, should be accepted from Aryabhata's Karana work". 
J his remark and other chapters in the second half show that he has made only 
such changes while compiling the Khandakhadya as would give accurate 
results comparable by observation. He has borrowed the following impor- 
*SI \ JL ™ m Al ? abha t a ' s work ; the length of the year, mean motions of 
planets, their epochal positions and the moment of the beginning of vuea 

ifrrinT ren ? arfc °L Va JW and other thm S s show ««* Aryabhata's work, 
reterred here, is not his Siddhanta now av ailable, but this Karana work. 

«.om e «f Jf C SJ3? e 5 ti P n ^ in the ac "> un » of Varahamihira that an epoch wherein th c 
5X3 £ * ^wV 118 " 88 "^coincided with the moment of the new moon w* s 
SSta other ?«™alS? mCnt ^ thc Pafica ^^tik a also. The two resemwS each 
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Part did compile one equal in merit t£h£3?V W f k . and for *he most 
on whom he had showed s?owe °of cririlm St TJ£ h ^ Uke **M«J 
this, one of them must be thefset thaVl^Sw J. ere i "*. tw ° ^ons for 
Popular that he was unabl >tofaoTehtl^T S T rk msht have been so 
587 when he compiled the KhandakhiH^ ^ hC SeC ° ad reas , on Was that in Saka 
ing to his own SiddMnS oSfdS^LTw * *£*• In ^ss acc^! 
Surya Siddhanta and 54A-Tsf p Sf I^f^ ? i hat of the original 
because of this much diffSen^\K, , tlkU of Aryabhatfya. And 

the samkranti a day earlier, arethingr e i5v ,S£?m and th t °««nw» of 
person; and these created an X ^? by. an ignorant 

the introduction of the mesure of hi? own Sidd^ ^ WIth re ^ ld *> 
-it appears,, could not make him bold en™ J ?S dhant % T hese two reasons, 
wou d be equal in merit to ST own SMdhS^ f?^ \ ** m * a ' whi ch 
not introdus his own year—mLnr,? uT^S' when Br ahmagupta could 
less than a day, itTCh SSSS^j^t.S^^^!^ b ^ * b ™ 
; use either Keropant's almana™ who™ saXat f " IS W °! Id be to brin S ™o 
thanthatoftheoldworks or tb^ s^f 7 ntloccurs about 4 days ealier 
Place about 22 days earlier ^ almanac ' whose ^mkranti takef 

Commenmentaries on Khandalhddya 

more incomplete com4ntary hal beerfound wH l ?°* here mailable. One 
name.of the commentator- bu Z !™ « \ u lch doeS not mention the 
be seen from the ^UyZhselX^T ^ - e ° De frol « Kashmir as cS 

fact that the correctionfadoptedfoS eXaffiP !f s ' andfr01 * «* 

differencess refer to Kashmf ^e Sn -?w P ri CCS - **$ the ^nsional 

tables and methods of calculate JEL J / 1875-76 A.D.) which gives 
adopted &ka 1580 a the epoch andfe ^ a i Ito f nacS vei ^ easi1 ^ » hS 
the help of KhandakhSdya iSes tf ™*v '* ? alcu a * ion bas been made with 
but it was found in Kashmir and it was ST ^ ' V J° ffipiled in Kashmir >' 
prevalent in Kashmir It clearly shnwfth^ U \ of $* popuIar lo <*l era 
It also shows without doubt tiSrVLi the £Z tho J t beIOn ^d to Kashmir. 
Kasmirtill gaka 1580 and St ' ^ Khandakhadya, Was in use in 
onKhan^aJchadyaandfi-omth^ ab ° Ve "f^ioaed commentaries 

Albirunr, ( ,aka »^^ 

<S£rearf o/ tfrtf/wna Siddhanta 

from\!s^ Khandakhadya as a work different 

follower forthrsfddhLt^ an^lTT*™^ he wou,d &* any 
well known remark orShdasa 1S natur ^ a s can be seen from following 

learned" Perf0mance Sbould be yarded as excellent, until it satisfies the 



90 History of Indian Astronomy 

««*^ COmpiled - t !? e K , ha ^ akM .dya at the age of 67. His Siddhanta might 

k2i^£ 0B V ?tO *$**■ m ^ U } 1 th6D and he must have compiled KhSdal 
khadya after being disappointed to see that he had no follows even when 
so many years of his age had elapsed. Very few of the great researches *re 
fortunate enough to see their researches bear fruit in their own lifetime Tt U, 
^ir 61 ? C ' ed, ' taW ? }° *™ that instead of leaving the future to decide for 
itself, he disregarded his own thesis ; but is it possible that the best work of 
such a _ master mind would fail to satisfy scholars ? The astronomer Bhas- 
karacarya who was as great as he (Brahmagupta) has in fact recognized his 
work^ Also two more Karana works compiled before Bhaskaracarya are 
found to have followed the Brahma Siddhanta. Alt of them have mentioned 

S^K a -. ltl0n ^ C ° rrectl ° n t0 ^ e P lantaf y P lac « calculated from Brohma 
Siddhanta. This correction is first noticed in the "Rdj'a Mrganka Karana" 
compiled^ Saka 964. But the author came across anixampf fn whSe 

^S^^T ^ f ° Und t0 ^ been USCd in itS ° Ti *™ 1 ^1 w?hout 

Original Form 

The Uttarapuram, a Jain work by Gunabhadra found in the Poona colleee- 

™VX\^\- 84) ' slates ihe d4teof its c «»- fcS- 

fr %^ ^frc »rf^ w^rCt ' 

/'(This work was completed) on Thursday the 5th lunar cay iv the aus- 
picious year of Pmgala samvatsara, numbering 820 of the Saka era when the- 
planets were occupying the signs mentioned herein." 

The planetary positions dercribed in the verses were as follows : 
Sun -Occupying 'Kulira' (Cancel) Jupiter in Gau (Taurus) 

Moon - „ Purva (Bhadrapada) Venus „ Kulira (Cancer> 

Mars — „ Dhanuh (Sagittarius) Saturn (Arki) „ Scorpio 

Mercury — „ Ardra haksatra Rahu (Agu) „ Libra 

Aa g * ka > ear 819 (elapsed) was known ar Pingala. The elapsed year 819 is 

S 1 1 T*u t hQ ?T Qn } year 82 °- This at first ^es rise to the doubt whether 
.819 should be taken for calculation or 820. Similarly, the vera ? does not 

tw^F mantri Va ra. It is conjectured that it may either he a 

2d tt L°l CVen , a ? nday - But the verse ^ enti0 ^ the positiSs^fT planets 
rt«,i?« ^ y t0 determine * e *** is to find out that day for wh chS 

fngtKffi^^^^ 

*wt * n ^ dlcu *ations for a number of days in the two vears Sake 810 and R?n 

appear to be true for the period between the sunrise and about M gratis after 



The verse gives Leo as the. rising sign, w^ose diwaticn ©n that day was *fc* 
period between 4 — 9 gbatis tfter sunrise. This planetary conditioii is im- 
possible for any day other than this in these two years. The moon's position- 
mentioned in the verse, is not found to be true for any other day being earlier 
or later by one day. 1 he object of mentioning this here is that these planetary 
positions agree only if the length of the year given by Brahmagupte in his 
Brahma Siddhanta be accepted and by that of no other Siddhanta. The swa,. 
according to the Surya Siddhanta, appears to belong to Gemini on Thursday, 
the 5th lunar day of Asadha (Kxsna), and goes in to Cancer at about 5 ghatis 
after sunrise, on Friday. By no other Siddhentas does it appear to be occu- 
pying Cancer on Thursday. Tfce samkranti, according to Brahma Siddhanta, 
appears to occur 61gh 31pal earlier than the samkranti of the modern Surya 
Siddhanta in that Saka year. Similarly, even Mars appears to be occupying 
the sign of Capricorn on Thursday according to the modern Surya Siddhanta 
and that of Sagittarius according to the Brahma Siddhanta. In short, the 
planetary positions are seen to agree quite well according to Brahma Siddhanta 
and even the consideration of the matter from several points of view leaves 
no douty* about it. It proves beyond doubt that the Brahma Siddhanta 
was in use in its original form in Saka 819. This old work was compiled in 
the Deccan when the King Akalavarsa of Rastrakiita dynasty was ruling 
the Deccan. From this it appears that the Brahma Siddhanta was in use in 
its original form in the Deccan in Saka 819. The corrections in it have been 
introduced by some one else later on. 

Corrections 

Varuna's commentary on the Brahma Siddhanta appeared about Saka 962. 
It does not refer to any corrections. The work Rajamrgankakarana was 
compiled in Saka 964 and it mentions the correction. It appears to have been 
first introduced then. The corrections include that for even the sun. This 
correction has changed his length of the year from the original Brahma 
Siddhanta viz. from 365 d — 15« h — 30>»»— 22 Tlp — 3(P vp to 365 d — 15*"— 3P* 1 — 17*ks- 
that is, it is greater than that of the first Aryabhata by about 2 vipalas. The worry 
ot the Brahmapatoa compiled after this date are found to be in conformed 
with the corrected, Brahma Siddhanta. The Rajamrganka compiled in Saka 
964 is the first of such Karana works. The second one is the Karana work 
named 'Karana Kamalamartanda* compiled in Saka 980. The next one, com- 
piled after this in Saka 1105 is the Karanakutuhala of Bhaskaracarya. The 
Mahadevi Sara pi, a work on planetary calculations, compiled in Saka 
1238 and the two works Khe*akasiddhi andCandrarklofthe astronomer Dina- 
kara and compiled in Saka 1500, conform to the corrected Brahma Siddhanta. 
Of them, the Karanakutuhala is still in use in some places. The author of 
Grahalaghava has borrowed some positions of planets as in accordance with 
the Brahmapaksa, and these have been taken from the Karanakutuhala. The 
Brahma Siddhanta might have remained in use in its original form up to Saka 
1000 at the most. It may have gone out of everyday use, after Bhaskaracarya. 
Not only that, but because Bhaskaracarya's Siddhanta Siromani could serve 
the purpose as efficiently as the Brahma Siddhanta, it appears that Brahma 
Siddhanta itself might have gone out of use gradually. The quotations froita 
he Brahma Siddhanta are rarely found in works compiled after Bhaskara- 

*The original verse as given in this book is very incorrect. This verse and the on* 
corrected by me along with its explanation, may be seen on page 429—30 of Prof. Bhandar- 
kar's Report on me search for Sanskrit manuscripts Tor the year 1*83—84. 
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cftrya. The work Brahma Siddhanta is at present not found anywhere in 
- Maharastra, and the same may be true of other provinces as well. 

Condition of Astronomy 

There is no harm in saying, on the whole, that all the branches of the system 
which go to make the science of astronomy in our country, appear to have been 
completely established in the time of Brahmagupta. The necessary variations 
in the positions of planets were made from time to time later on. It can safely 
be said that no special reform or.research was afterwards made in the system 
except that of the equinoctial motion. It has already been pointed out above 
that Brahmagupta was an independent thinker as far as the revolutions of 
planets, the aphelia and nodes were concerned. The elements concerning the 
calculations of the true places of planets appear to be his own. Even in 
*triprasnadhikara' (Adhikara on three problems) he appears to show a greater 
skill than earlier writers. He has described the instruments of observation 
and it is my opinion that the "turiyayantra" (the Quadrant instrument) was his 
invention. The subject of Algebra is not found in any of the earlier works, 
which shows that he may probably be its originator. Suryadasa, th'e son of 
Jnyanaraja, the author of the work, Siddhanta-Sundara, wrote commentary 
in Saka 1460 on Bhaskaracaryas Algebra. He regards Aryabhata as the oldest 
writer on Algebra. The work of Aryabhata I may be said to contain no 
discussion on Algebra ; but that qf Aryabhata II does contain it. But it will 
be shown later that this work is more modern, than that of Brahmagupta. 
Hence the information available at present leads one to conclude that 
Brahmagupta was the first writer on Algebra. He has not recorded in his 
work any boastful remarks in the chapter on Bljaganita that it was he who 
discovered the subject anew.From this it can be conjectured that the subject 
might have been known even before his time. But books are not available. 
Brahmagupta, was on the whole, a very ingenious research worker. Even 
a scholarlike Bhaskaracarya has praised him thus "May the work of jis^uja 
(i.e. the son of Ji$nu, Brahmagupta) who is the supreme mathematician, 

succeed". Similarly, at another place, he remarks, "when after a long lapse 
of time, a great deal of discrepancy will be caused, men of genius possessing 
the ability of Brahmagupta, will come to birth, and studying the planetary 
motions evolved by Brahmagupta, will compile work on these scieencs". 
It is quite proper that he has been acclaimed as "a great discoverer of 

(correct) positions and motions of planets and a very intelligent author of 
scientific works." 

Lalla (about Saka 560) 

Works 

A work, 4 dhlvrddhidatantra\ on planetary calculation stands to his credit- 
Sudhakara Dvivedi, procured it, and got it printed in Varanasi, in 1 886 A.D. 
He has written a Muhurtawork, named fc Ratnakosa\ 

Date 

Lalla has not mentioned his date or place of his residence. In the chapter 
jon mean places, in Dhivrddhidatantra, he remarks, 
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*mm*to« Mm fW&M the "i<mmi iiM^;«^lMVfr*e* described tfc* 
f *thod» of cak^lffe<m4« proper manner, Hence i toj^peify Jtes^&Ciar ^ 
brief the methods'^ ■ :,.-v : ( ,- f , t; ..,.. - ;.„,V- V . ; .V/ ;: j.,;.;T -/'**'•■■ - , '- -'"7%' 

opened l]R)m the Aiy^dtfhliita. They ap .J%'^ v;-v *^* *^ f^ 

y.ftfs^tfjFry* ■ ^#- li^min^ir '-^i^vnRsr: ^nNN^il^f ^o ^ ,, , , 

-.iff* 'tt^^reTfatfr ^ 

"(18 & 19) Subtract 420 from the Saka year. The corrections for 'th» 
^^J^ws^Moon^S' ; Moon^ogee^l^o^s n^e^ 
96 , iupitery-47 ; Venus,*-15S' ; Mars,-f48' ; Saturn, +20'afid MereuiyV 

A* 20 ' i^ ™ s ' ^c^Matioh of planets. . as su^ioited by observation fill . 
Tha^done,.^^ 

from mm was born one, kfioWIs Trivikram* Sham 4« world and who waft 
^S^d^g «^^ of th^ people- 02r«& sb^iaaAi^wo^ 
Si^ :fi& °? ^ t fe i»ooil-crested r 3Lord ahdvthe beloved of PSrvatl 
eoa^^ a ^antra^ equate *"«*« 

iwS^SKS^ ^T 01 ^ 1 ? and other elements given in Lalla's works all 
2Sfjnn^i h ?f °[ Ar y a ^ata I ; and Lalla has given only the corrections 
mentioned m the above verses, 18 and 19. From this it is clear that he lived 
after Aryabhata I. Some evidence is available to determine hisXe 

hv P« a ^2? verse » ' clatin g to corrections, has been given in his commentary 
by ParamadiSvara, the commentator of Aryabhata. There he. describes him 
.a the^ords ''tacehisyo Lallaearyafe'*, caning Lalla as Aryabhat^^cim? 
FM^s^ndmainlyfrom the method of applying corrections in which 420 h5 

^K*^J?1% ^^^ from ^ ka > Dr ' "*** tWtiks that the da^e of LalM 
may be Saka 420 iteelf. Even the late Janardana Balaji Modaka expreses the 

SS^n?i?^K ng 'ty ^8? V1 ? w ' but the * *»' Correct. The first reason is 
that if Lalla had been Aryabhata's disciple and his contemporary, he would ^ot 
have^ommittederrors in^ifling mattm 

karacarya^about Lalla These errors do not exist in the works of Aryabhata f 
The second reason is that if the date of Lalla had been Saka 420, Brahmagupta 
would have played seriously in condemhingXalla's works which contain many - 
£± ^^ c ^he (Brahmagupta) has lired volleys of criticism 3£SS?S 

ESL 5 B M3S ,I ? Ja l f^ n W ^ they d6 not coatain m a «y ^ultsf But the 
Brahma Siddhanta contains neither Lalla's name nor aiiy of his view. The 
tb^ird reason is that an occasion for applying a Correction to a siddhanta doe* 
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Jiot arise at the very time of its compilation. Sooae one suggests a correction 
K) a work only when a perceptible difference in the planets' places, as obtained 
from the work, comes to notice. Aryabhata compiled his work in iSaka 423, arid 
it is quite impossible that his disciple began to make changes in it from' that 
very date. Had it been the case, Aryabhata himself would have given revolu- 
tions (of planets) after taking into consideration this correction. The method 
of finding Lalla's correctiens requires one only to subtract 420 from the Saka 
year ;but it does not mean from this that the corrections were made in that year 
The corrections suggested to the Brahma Siddhanta have to be applied from the 
beginning of Kaliyuga. Similarly, corrections to modern Surya Siddhanta are 
to be applied from the beginning of Kaliyuga. It will, therefore, be ridiculous 
to say, that becuase of this fact, the corrections came into existence in the begin- 
ning of Kaliyuga. The statement that Lalla's corrections were suggested in 
Saka 420, is equally ridiculous. One more evidence may be added to this It 
is as follows : — 

Lalla observes, in the Chapter on "misconceptions" 

"If it be accepted that the earth rotates, then how can the birds flying in 
the sky, find their own nests ?" < 

In this, Lalla has criticised those who maintain that the earth rotates But 
it is only Aryabhata 1 who states that the earth rotates. It is, therefore not 
probable that his own disciple would hold the opposite view or at any' rate 
, criticise him. On the whole, Lalla cannot be the disciple of Aryabhata 
BhasKaracarya's works mention Lalla's name at several places ; but nowhere 
has he mentioned him as Aryabhata's disciple or even merely as a disciple 
Ranganatha, the commentator of Surya Siddhanta, has at one place mentioned 
"sisyadhlvrddhi-datantra" which simply means' a 'tantra' work which increases 
the intellectual power of disciples". It is not understood on what basis Para- 
madlSvara has called Lalla as Aryabhata's disciple. The above verses compiled 
by Lalla himself show that he has nowhere called himself as Aryabhata's disciple . 
On the contrary from the words in those verses it appears that he wa» not 
Aryabhata's disciple. 

From this, Saka 420 does not seem to be his date. He must have lived 
many years after Aryabhata. 

Lalla has given 359° as the longitude of the junction-star of Revati. The 
time for the junction-star of Revati to cover one degree to the West of the initial 
point, according to Lalla tantra (that is, from the point occupied by the sun at 
the moment of the actual Aries Ingress) comes to about Saka 600. But it has 
been shown above that Brahmagupta knew nothing about Lalla's work • Lalla's 
works describe all instruments except the 'turiya' (quadrant) instrument des- 
cribed by Brahmagupta. It shows that Brahmagupta's work was not known 
to Lalla. This leads one to surmise that both were contemporaries but 
residing at distant places. 

4D ^ r . ipa , ti , ha l c °mpiled his work i Rainamala> with the help of Lalla's, 
thisdate° Sa " Snpatl s date is Saka 961. Lalla must have lived long before 

His work does not discuss the question of the precession of equinoxes. 
This shows that he must have liyed about the time of Brahmagupta. 
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From all these considerations, the author thinks that LahVs date might fee 
.-a time near about Saka 560. 

//w Ability 

It is true that Bhaskaracarya has criticised Lalla, the author of "Dhlvrd- 
.dhida", but he states in the 20th verse above, that he has determined these 
corrections already mentioned, after ensuring agreement with the observed 
positions himself. This shows that he used to take observations himself and 
was a researcher ; and this fact was very creditable to him. The corrections 
given to Mercury and other planets show that the need to find them out must 
have arisen after a period of time had elapsed after Aryabhata. It has already 
been mentioned that the Karana works 'Karanaprakasa' (Saka 1014) and 
'Bhatatulya' (Saka 1339) were compiled after applying Lalla's corrections to the 
planets calculated according to the Siddhanta of Aryabhata I. . 

Padmanabha 

Bhaskaracarya refers in his algebra to this name as a writer on algebra 
Colebrooke* has observed that he appears to have lived before Sridhara, as can 
be seen from Srldhara's work described below. Hence Padmanabha's date as 
compared with that of Sridhara, does not appear to be later than Saka 700. ' 

Sridhara 

Mahavira's work described below shows that a writer named Sridhara lived 
before him and that he wrote a work on 'vyaktaganita' (arithmetic), similar to 
that of Bhaskaracarya's Lilavati. Colebrooke had obtained the book, ' Ganiti- 
asara', by Sridhara. It contained the subjects of arithmetic and mensurationo 
It shows, that this person Sridhara and the one referred to by Mahavira in his 
work, must be the same person, and Srldhara's date, as determined from that of 
Mahavira does not appear to be later than Saka 775. Sridhara, mentioned by 
Bhaskaracarya as the author of algebra, seems to be this very person. 

MahavIra 

He has written 'Sarasamgraha' a work on tvyaktaganita' which deal's with 
arithmetic and mensuration. An incomplete copy of the work came to notice 
in the collection of books belonging to late Dr. Bhau Daji. The description 
given in its beginning shows that Mahavira was a Jain by religion and that he 
had the patronage of the Jain King Amoghavarsa. This shows that he lived in 
the reign of Amoghavarsa I, the Jain king of the Rastrakuta dynasty, that is 
about Saka 775. 

His work 'Sarasamgraha' resembles Lilavati of Bhaskaracarya but is more 
•xtensive and consists of at least 2000 "granths" ( or vers es in Anustup metre). 

The Sarasamgraha contains some lines from Misrakavyavahara' (miscella- 
neous subjects) from the work of Srldharacarya, mentioned above. 

Aryabhata II (about Saka 875) 

His Work 

There is another Arya Siddhanta in addition to the siddhanta of Aryabhata 
described before. There is a copy of the work, kept in the Deccan College 

*Colehrooke's Miscellaneous Essays pp. 442, 450, 470. 
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Collection, but it is entitled as Laghu-Arya Siddhanta. But the author himself 
calls it neither 'brhat' (extensive) nor 'laghu' (short). In the very* first vers* 
he observes. 

f^-sr^TPTTrrrglf p^nf^ ^d^ iT ^ui 1 1 

arnnrcrr T^»m fasfcfr ^far arret fa n ? u 

"This beautiful Siddhanta has been compiled in the 'Arya' metre by Arya 
bhata who has studied various sciences on planetary motions, elementary 
mathematics, problems in arithmetic, and algebra". 

In this, he calls his work a Siddhanta. This author is more modern than 
the earlier Aryabhata and I have called him as Aryabhata II and his work, 
Second Arya Siddhanta, because it is convenient to do so. 

His Date 

He has not mentioned his date. He has given in his Siddhanta the mea* 
places mentioned by another Siddhanta known as Parasara Siddhanta. He des- 
cribes both these siddhantas, 

meaning "compiled when a small part of Kaliyuga had elapsed". In this verse 
he intends to show to the world that the two Siddhantas were compiled very 
soon after the Kaliyuga had started. But I am quite sure that he lived after 
Brahmagupta, because, even though he maintains that his Siddhanta was com- 
piled very soon after the beginning of Kaliyuga, he includes himself among the 
authors of "paurusa" (human) works. There is no other proof to show that 
the length of year or other measures adopted by him were in use before Brahma- 
gupta, and all criticisms levelled by the latter against Aryabhata apply to the 
First Arya Siddhanta and not at all to this. No subject dealt with in this Sid- 
dhanta has been referred to by Brahmagupta. Had this Siddhanta existed in 
his time, Brahmagupta would rot have failed to criticise it in some respect or 
the other. 1 he Pancasiddhantika does not appear to have mentioned the equi- 
noctial motion. It is not found in the works of Aryabhata I, Brahmagupta or 
Lalla. But it is given in this Arya Siddhanta and the authors appear to have 
attempted to remove the blemishes for which Brahmagupta has criticised Arya- 
?• ^ ' u work describes tne Yuga-system, and the Kalpa begins on Sunday 
and Brahmagupta has criticised Aryabhata I that his work recommends the 
planetary calculation, from the beginning of the Yuga when only the 'mean 
planets are said to come together and not the 'true planets' (see 46th couplet, 
cnap. 2). But according to this Aryabhata's work, the true positions of all 
planets are given to be- together at the beginning of Creation. All these facts 
nave convinced the author that he lived after Brahmagupta i.e. after Saka 587. 
w™^ u- , St l imit of his date - As re gards the nearest limit, Bhaskaracarya 
SSh hi t I 1 ™ (ln hls work) - In the 65th verse of tne cha P ter °n true places, in 
S t - W' he observes "Aryabhata and others have mentioned the 
irvJhwl a ?i d rkkana' i.e. the third part of a sign or 10°, to ensure accuracy". 
X nt ; f lh a s mentioned the duration of ascendants in terms of arcs of 30° 
S[ 5 „ X V J bu t Aryabhata II has mentioned the durations for the ascension 
- ™r r u l ! ! arcs of 10 ° ; in cou Plets 38 to 40 in the 4th chapter, and such 
I«22^J ?l i he i^ rati ?? of 'drkkana' is not at present found in any work 
except in that of Aryabhata II. This shows that Aryabhata referred to by 
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Bhaskaracarya in the above line is not the first Aryabhata, but the second, 
from this it is clear that Aryabhata II must have lived before Saka 1072. He 
has described the method of calculating ayana^sa ; but the equinoctial motion 
as calculated" from it is not found always to be constant, but to increase or 
decrease much (inoi;e discussion about this will be made in the study of the 
motion of equinoxes). But there is no harm in saying that the equinoctial 
motion is always constant ; the variation in it is exceedingly small. The 
modern Surya Siddhanta gives a constant motion for it ; but the date of its 
compilation is not definitely known. 7 he work, Rajamrganka (Saka 964) 
has adopted a constant motion for the equinox for all times. No definite proof 
of the measures adopted (by) earlier (writers) is at present available. From 
this, Aryabhata II appears to have lived before the equinoctial motion was 
correctly known. The Bhatotpala's commentary (Saka 888) quotes from 
several works, but not from the second Arya Siddhanta. It shows that even if 
Aryabhata II lived before Bhatotpala, he must have preceded him only by a 
few years. 

The time when the ayanamsas, obtained from the Second Arya Siddhanta* 
would be equal to the sun's tropical longitude at the true vernal equinox, comes 
to be about Saka 900. If he had lived before this year, the date must have been 
only a few years earlier. 

From all these considerations, he seems to have lived about the Saka 875. 
It has already been shown before (page 33) that the date of his Siddhanta 
and that of Parasara, as found by Bentley, are incorrect. 

Description of his Work 

His work consists of 18 chapters, which contain 625 couplets. The first 13 
chapters deal with all the subjects usually discussed in different chapters in 
karana works. ILe 14th chapter deals with the celestial sphere end problems 
concerning it. The 15jh chapter consisting of 120 couplets is de\oted to 
Patlganita (i.e. arithmetic and mensuration) ; and it contains almost all the 
questions dealt with in Bhaskaracarya's Lllavati. The 16th chapter is 
devoted to bhuvanakosa (Universe) i.e. the description of the three worlds. 
The 17th ChaDter gives a theory of the mean motions of Planets, and the 
18th chapter deals with algebra, and particulary the 'kuttaka' problems in it. It 
gives some special information not given by Brtfhmagupta. 

Numerical Code 

He has adopted the usual conventional code to denote numbers in 'Patlga- 
nita' (i.e. arithmetic and mensuration) only ; otherwise he has used, everywhere 
else, the letters of the alphabet to denote numbers. These letter values are 
different from those used by Aryabhata I. They are : — 

Numbers Numbers 

Consonants denoted Consonants denoted 

Ka, ta, pa, ya . . 1 ca, ta, sa . . 6 

kha, tha, pha, ra, . 2 ■ cha, tha, sa . 7 

ga, da, ba, la,. . . 3 ja, da, ha, . . . 8 

gha, dha, bha, ba, . . 4 jha, dha, ... 9 

na, na, ma, sa . . 5 na, na, ... 

1 DGO'69 * 
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While denoting numbers by letters* Aryabhata I has not abandoned the 
general rule that', "digits are written from right to left" but this Aryabhata has 
differed from it, and has adopted the system of writing the digits from left to 
right. Example : According to this system the word t gha4apha' denotes 432. 

It has been pointed out in the account of Aryabhata I how confusion is 
caused by adopting his system of code letters. The same remark applies to this 
Aryabhata also. 

Below are given the numbers of revolutions and other elements etc. in one 
Kalpa as given by his Siddhhanta as well as by that of Parasara. 







Second 
Arya Siddhanta 


Parasara 
Siddhanta 


Years spent over creation 


3024000 
In one Kalpa 



In one Kalpa 


Revol. of stars . 


. 1582237542000 


1582237570000 


Revol. of Sun . 


4320000000 


4320000000 


Savana days , 


. 1577917542000 


1577917570000 


Moon's revolutions 


57753334000 


57753334515 


Moon's apogee : revolutions . 


488108674 


488104634 


Moon's node : revolutions 


232313354 


232313235 


Mars . 




2296831000 


2296833037 


Mercury 




17937054671 


17937055474 


Jupiter 




364221682 


364219955 


Venus . 




7022371432 


7022372148 


Saturn 




146569000 


146571813 


Solar months 




51840000000 


51840000000 


Intercalary months 




1593334000 


1593334515 


Lunar months 




53433334000 


53433334515 


Tithis 




. 1603000020000 


1603000035450 


Suppressed days * 


• * 4 


25082478000 


25082465430 
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Planets 



Revolutions of apsides in 
a Kalpa 



Second 

Arya 

Siddhanta 



Parasara 
Siddhanta 



Revolutions of nodes in 
a Kalpa 



Second 
Arya 
Siddhanta 



Parasara 
Siddhanta 



Sun 

Mars . 
Mercury 
Jupiter . 
Venus . 
Saturn . 



461 
299 
339 
830 
654 
76 



480 
327 
356 
982 
526 
54 



298 

524 

96 

947 

620 



245 
648 
190 
893 
630 



Length of yeai, according to Arya Siddhanta.— 365 d —15 eh —31 paI —17 vip —6 pvp 
Length of year, according to ParaSara .Siddhanta — 365 — 15—31 — 18 — 30. 

According to Arya Siddhanta it is assumed that some years have been 
spent oyer creation. No such assumption has been made in Parasara Siddhanta. 
According to both the Siddhantas the planets appear to come together 
not in the beginning of Kaliyuga, but at the beginning of Creation. The length 
of the year according to both is nearly equal to that of the rectified Brahma 
Siddhanta. This Aryabhata has mentioned the number of revolutions of the 
"saptarsi" stars (Great Bear), on the assumption that they have some motion. 
But as a matter of fact the Saptarsis have, practically, no motion. 



Parasara Siddhanta 
He remarks about Parasara as follows : — 



ansrro" 11 



f *iT TIle follow ei*s of Parasara Siddhanta do not accept any <phala' i.e., result 
ior the mutual aspects of planets"; 

and after passing the remark, 

■- qfircfft ?qtrre TnreFT w sw wa : 1 1 rer ^i in n 

meaning "I describe here Parasara's view since it is the best in Kaliyuga 4 ', he has 
mentioned its elements. From this, the Parasara Siddhanta appears to be an 
'uoependant work; but it is not available atpresent. 

8a 
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Balabhadra , 

namJ^v^^^r^^^ Sid ^anta by Prthudata, cites -Balabhadra'* 
S!2S t? tlHleS and has # 1Ven a ™mber of verses in < anustup" metre in his 
SSShaJ? -? e J^? qU °^' m versified form, the elements given in the Brahina- 
Siddhanta itself: Even Bhatotpala's commentary on the Brhat Sarah "a quotes 
some verses and Arya couplets in the name of Balabhadra. ' They relate To the 

Sddhanta. This shows that ne may have compiled an independent work on 
planetary calculation. The lines which have been given by Prthudaka as quoted 

STwSSteJZ?^ *ff ?° m ?* comment ^ °* the Brahma SMdhTnS 
il™ th . »nks that it might have been customary in ancient days to have 
fnrZ t &? p the commentary in verse form, when the text itself was in verse 
IS v p aramadisara has quoted in his commentary on Aryabhatlya, 

St Tn v/ r °« i I ir? me 1 nt f y ° n Lilavati would serve * s * n instance in 
point In case Balabhadra had written an independent work, it is not now 
available. His date is clearly earlier than that of Bhatotpala, that is Saka 888. 

Bhatotpala 

His Date 

fcic *!l WaS ? great "^^n^tator. He has stated the date of the compilation of 
his commentary on Brhajjataka in these lines. 

3*-mm <r^*rf Ararat ^?mf n to^sto w ft% m% pfa fafirfm ,, 

?^ ni ?S "J Wr . ot | this commentary on Thursday, the 5th lutiar day of the bright 
half of Caitra in Saka 888' ', and that of the commentary on Bihatsamhita Jn 

lllw V vTSC 

meaning "I wrote this commentary on Thursday, the 2nd lunar day of the dark 
half of PhaJguna in Saka 888. ' ' 

If Saka 888 be regarded as an 'elapsed' year, the second lunar dav of the 
dark ha If of either amanta Magha or Phalguna is not found to fall on Thursday 
The 2nd lunar day of the bright half of Phalguna was a Thursday. A Thursday 

* C 0U ^ 1 ? faI1 on the 2nd ]unar d ^ of ^e dark half of (Amanta) Magha in 
Saka 887, but not on the 2nd lunar day of either the bright or dark half of 
Phalguna. This shows that the Saka year 888 referred to in the second verse 
must be the "current" year, equivalent to Saka 887 elapsed ; and the Phalguna 
may be the month belonging to the 'purnimanta' system ; that is, it must be the 
amanta Magha. 

But the 5th lunar day of the bright half of Caitra does not fall on Thursday 
either m Saka 888 or in 887. In Saka 887, Jhe day happens to be Friday and in 
Saka 888, it was a Wednesday. It appears that there must be some error in this • 
and so long as it is not detected, the Saka 888 mentioned in the verse cannot 
definitely be said tc be a 'current' year. In any case, there is no dcubt that 
the year must be one of the two Sakas, 888 or 887. 

Commentaries 

Utpalahas written a commentary on KhandakMdya, but its Saka is not 
known. However, in the commentary on the 5th chapter of Brhatsan hits, one 
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• 

comes across the remark "khancjakhadyakarane asmadiya vacanaip", meaning 
"as I have stated in the commentary on Khantfakhadya". It, therefore, shows 
that he wrote the commentary on KhantfakhSdya before this. Similarly, a 
reference made by him in his commentary, on Brhatsamhita (Chap. 44) shows 
that his commentary on Varaha's travel was written before that on Byhatsa- 
nihita. He has written a commentary on Laghujataka also. He has, thus 
written commentaries on the following works compiled by Varaha— Yatrfi, 
. Bjhajjataka, Laghujataka, and Brhatsamhita, and a commentary on Brahma. 
gupta's Khanda-Khadya. The commentary on *y*tra' (travel) is not now 
available. Those on Brhajjataka, Laghujataka and Brhatsamhita are available 
in this province, and of them, the first two have been printed. 

Place 

The commentary on Khantjakhadya, written on the bark of the birch tree 
which is now in the Deccan College Collection, was originally found in Kashmi. 
The author does not think this commentary is available in other provinces 
That this commentary was well known in Kashmir can be seen from another 
commentary on Khancjakhadya written in £aka 1564 and from the Patfcafiga 
Kautuka written in Saka 1567, both written in Kashmir. It shows that Bhato- 
tpala was a resident of Kashmir ; and Varuna, the commentator of Khan^- 
akhadya, clearly states that he was a resident of Kashmir 

Independent Works 

He seems to have compiled an independent work on the mathematical 
branch as can be seen from a couplet given by him at a place with the remark 
"as I have stated" in the first chapter of the commentary on the Brhatsamhita. 
He might have taken the quotation from his commentary on Khantfakhadya. 
Bhatotpala has compiled 'prasnajnyana' a work on *prasna' (Questions), 
consisting of 72 arya couplets. 

Love of Research 

It appears from the commentary on the Brhatsamhita that Utpala was a keen 
researcher of ancient works and his reading was vast. He has written at several 
places that Varahamihira had taken the help of ancient works on most of the 
questions on which he had written, and he (Utpala) has even cited the names of 
those works at some places. Utpala has also given quotations from the authors 
of ancient Samhita works on those subjects at all or almost all such places. At 
some places are found quotations from as many as 8 to 10 authors of Samhita 
works. It is clear that all these samhitas were aviailable in his time. Similarly, 
he has given the quotations and names of several 'pauru§a' (human) writers of 
works on Samhita, Jataka or some of the subsections of the subjects. Utpala's 
commentary on the Brhatsamhita would be of great help m assessing the state 
of the knowledge of various subjects relating to the saiphita branch, and its 
growth in our country, and because of this and other reasons, the commentarly 
is worth publishing. The commentary is very extensive. The whole volume 
may be found to consist of about 14000* "granths" verses and (the above two 
verses show that) this voluminous commentary was compiled by him in about 
eleven month's time, which is indeed a very remarkable feat. Utpala has 
writter a commentary on 'satupancasika, a work on Jataka by Prthuyasa, son of 
Varahamihira' a copy of which is kept in the Poona College Collection (No. 355 
of 1882-83). 



* The term "Gramtha" in such context means verses in Anusjup metre Consisting of 32 
letters each. 
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Caturveda PbthCdaka Swam! 

Date 

ui,-? e - h - S Wr j tten a commentary on Brahmagupta's Brahma Siddhanta 
Bhaskaracarya has cited his name several times. Prthudaka's name also 
appears m the commentary on Khandakhadya by Varuna, which was written 
about &ka 962. This indicates that he lived before Saka 962. It seemT 32 
h^p? ^ ^ 10 Bha ^ ala - u Bu * hi s commentary on Brahma Siddhanta 

SSJSS £* Dam f ' F £T th !? he appears to have bee * Bhatotpala's con- 
temporary or he may have belonged to a slightly- later date. In other word, 
date comes to about Saka 900. w> 

Place 

as foUo'ws":- 111 ^^ * *' 35th C ° Uplet ° f the 7th chapter of Brahma Siddhanta 

Athaspsabhagahkanyakubje kanyakubje swanatabhaga "meanine- 

degrees oflatitude in Kanyakubja degrees of zenith disS in S! 

feubja . He has simUarly remarked in the 8th couplet "yatheha Kanvakubie' 
meaning » as it is m Kanyakubja". These remarks show tS^rZl^ 
to the kanyakubja area or may even have been a resident of Kanauj. ° ei ° ngca 

His Works 

c-^^S e t haS written a commentary on the first 10 chapters of the Brahma 
Siddhanta, a copy of which is in the Poona College Collection He has at 
£T.?w m tetomnmtoy, remarked "this hasalready been s taS5 by ' me 

n the chapter on the celestial sphere". It seems that he first wrote his commen- 
tary on Goladhyaya the 21st chapter of Brahma Siddhanta and Sen on Ae 
first ten chapters of the work. One of the last sentences in his commentarv on 

he ten chapters shows that his commentary on GolMhyfva contains about 
1500 verses. The commentary on the ten chapters contai/s about 5300 verses 
The commentary is, on the whole, a good one When the original work Itself 

coupiet irom chap. 7). He has written at the end of the tenth chanter "Prt i»,7 

rSJdnf Catun L eda ' who » ^e son of Madhu, ta£Swt? { Jd a"t 

From tluf SfcttSSl * *" tp6kea u° f himself as " son of Mat uTan'a* 
from tnis, his lather s name appears to be Madhusudana. 



s 
He 



comme^ar^ P ^udaka may have written 

calls himse^Prthu S *¥m? ' n , Y ^ Iso a ? d part of il was in ver se form, nc 

His commentary Xmhm^ the commentary, 

'paurusa* writers excem^Lt A^l^'i 101 contain quotations from any 
(divine) writers also a?e verv few B T a if hadra - Thos \. f J<™ "apauruseya" 
his works are «'M fl JSL 17 ,, The only names whlcn hav ^ occurred in 
m woncs are, Bhagavan Manu, Vyasa Muni and the author of Puranas" 
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^RfPATI 

His Works 

He has the Siddhdntasekhara and the Dhikotidakarana, two astronomical 
works to his credit. He also wrote Ratnamala, a work on Muhurta and 
Jatakapaddhati, one on astrology. The author has not seen his work Siddhd- 
ntasekhara. The name of this work could not be found even in the catalogues 
of libraries like the Government Collection of the Deccan College, and the 
Ananda6rama Collection of Poona. But Bhaskaracarya has referred to his 
work. Similarly, the Muhurta work, Jyotisadarpana and the Marici commen- 
tary on Siddhanta Siromani have quoted him. The _ work Dhlkotidakarana 
is not at all known now ; but the author found in Arandasrama, Poona, a 
chapter on the eclipses of the sun and the moon from it. It consists of 19 
verses only. x 

Date 

No books printed so far give any clue to his date ; but I found Sripati's 
date in the small and incomplete copy of the Karana mentioned above., The 
Karana has adopted Saka 961 as the epoch which shows that £ripati lived about 
that year. 

His Commentaries 

There is a brief commentary on the two chapters mentioned above. It 
contains two solved examples on eclipses for which the Saka years 1532 and 1593 
have been adopted. It shows that the Karana work appears to have been in 
use up to that year in some regions. Both works, Ratnamala and Jatakapadd- 
hati have been printed at Varanasi and both have a commentary on them, 
entitled Mahadeva. 

His Lineage 

Srlpati has mentioned nothing about his place, family etc. However, 
Mahadeva, in the beginning of his commentary on Ratnamala observes : 

Translation.— Srlpati, son of Nagadeva and grandson of Kesava, and who 
was like the Sun giving delight to lotuses in the form of descendants of Kasyapa 
with the desire of explaining the meaning of the samhita, observes :— 

From this his 'gotra' seems to be Kasyapa, Nagadeva the name of his 
father and Kesava, that of his grandfather. 

His School 

Srlpati says that he wrote his work Ratnamala on the basis of LaB*'* 
Ratnakosa. Even the work Dhlkotidakarana shows that he was the followed 
of Lalla, that is that of Aryapaksa. 

Varuna 
Date and Residence 
He has written a commentary on Brahmagupta's Khandakhadya. It has. 
adopted chiefly Saka 962 for solving examples, and this shows his date to be 
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about tbe same year. The commentary shows him to be a resident of a village 
named something like 'Carayyat' in the area 'Urusa' legion, near Kashmir. 
The position of the place has been mentioned by him as latitude 34°22' and 
longitude equal to 99 yojaras, east of Ujjayinl meridian (i.e. about 1\° or 450 
miles). 

A surprising fact has been noticed in his commentary on KhancMhadya. 
At the very outset it has been remarked, ir his commentary on the calculation of I 
ahargana ; 

Translation. —"So is said in the Siddhantasiromani. If you are calculating 
ahargana corresponding to a particular day of the week, you will have either to 
add 1 to or subtract 1 from the result. The same will have to be done in the 
case of particular tithis. Similarly while finding the 'adhimasa sesa ' or 'avama 
sesa' the number of intercalary and 'avama' days in a Kalpa undergoes a similar 
positive or negative change". 

This verse is given by Bhaskaracarya in his Siddhantasiromani and on the 
basis of this (verse) Varuna should be said to have lived after Saka 1072 ; but 
several examples in his commentary show that his date comes to about Saka 
962 and there is absolutely no doubt about it. This verse clearly appears to 
have been interpolated by some one later on ; otherwise, who knows if there 
existed another work, named Siddhantasiromani, compiled earlier than Saka 
962, which cortained this verse word for word? 

Rajamrganka 
Date 

This is a kar ana work. It has adopted Saka 964 as its epoch. The epochal 
positions have been given for the Sunrise (mean sunrise) i.e. for Sunday morning, 
the 13th cum 14th lunar day of the dark half of amanta Phalguna of Saka 963. 



Basis 

: the work has been compile* 
positions 



That the work has been compiled after applying corrections to the planetary 
tions derived from -the Brahma Siddhanta has nowhere been explicitly 
stated ; still, the epochal positions are found to agree with calculated figures 
when the corrections are applied to the planets according to the Brahma 
Siddhanta. The epochal positions are as follows : — 
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Jupiter 
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n A 07 h ^f e i£ r f t ^°*' V ^ rs iu" s of the book m the Oeccan College Collection under Nos. 526 
and 32/ ol 1875—76 A.D. This verse has been taken from the first of them. 
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The positions of apsides and nodes at the epoch of the Karana work have 
.also beeYSken from the Brahma Siddhanta The correction suggested m it 
and the method of finding it is given in the following verse :— 

mt^i fg^r^TT ^oo ^r sfrsf f5RnfaP <f5^ II 

TpanrTfspFK 

Translation.-Add 3179 to the Saka year. Divide the sum by 12000. Sub- 
tract the remainder from the divisor itself (r.e.from 12000) Rivide the smaller 
of the two (viz the remainder or 12000 -remainder) by 200, and multiply it by 
3 5 1 52,5,15,4,2 & 2, respectively in the case of the planets m order {viz. the 
Sun/the Moon, Mars, Mercury, Jupiter, Venus, Saturn, Moon s apogee, and 
Moon's node) so as to obtain the respective corrections. They are positive 
for Mercury, Mars and Saturn, and negative for others. 

Author 
—Chapter on mean places. The Colophon contains the following line : 

Translation :— "This Karana work, known as 'Mrganka', has been compi- 
led with the good intention of satisfying the astronomers, by fen Bhoja who is 
revered by rulers of the earth". 

This shows that this Karana was compiled by King Bhoja. The above—, 
mentioned correction is not found in any of the earlier works now availably 
It apnears to have been devised at the time of Bhoja himself. It seems probabte 
that he patronised some astronomers, got them to take observations for a num- 
ber of rears, and after comparing the observed places with those calculated Irom 
the Brahma Siddhanta, he finally determined the figures for correction so as to 
agree with other works also. It is not known if King Bhoja possessed the 
knowledge of astronomy as would be sufficient to compile a Karana worK 
himself. If not, the astronomers under his patronage may have compitec ii 
and named it after him. But even if that be the case, there is no doubt mat 
the astronomers had acquired the ability to compile a new work in the light oi 
observations only on account of the royai patronage. 

Subject Matter 

This work contains only two chapters viz. one chapter on mean places and 
other on true places of planets and the two together/ contain 69 verses it 
" appears that they may be calculating eclipses directly with the help ot the Moa- 
hantas. This work is not in use anywhere at present ; and because ot the lapse 
of many years, the ahargana calculated from it would be a very large number 
and hence very inconvenient for calculating the mean places ; because ot tnis 
and also other Karana works which have been compiled later, this worK may 
naturally have gone out of use. Even then it appears to have been m use tor a 



106 History of Indian Astronomy 

considerable number of years. Mahadevi Sarania, Karana work following the 
Brahmapaksa was compiled in Saka 1238. It refers Rajamrganka. Similarly ,. 
Tajakasara, a work compiled in Saka 1445 contains the line,' 

which means, "true places can be obtained from Srisuryatulya, Karanottama or 
Rajamrganka, from which it appears that the true places of planets used to be 
calculated from the Rajamrganka." 

The method of finding ayanamsa has been described in this work in the 
line. 

?rer: <reTfsspre> **K T: «rf*£ %° TOftamrcn": II R*ll 

Translation. —The difference between the Saka year and 445, when multi- 
plied by 60 gives the ayanamsas. 

Karana Kamala Martanda 

This is a Karana work. Its epochal year is Saka 980. The author of this 
work also is, like that of Rajamrganka, a king. The following verses are 
written at the end of the work : 

**rarr ^smn<gtffa ^facftaFnf*: totMsstW afrtfai^ §$# : sft% *r «r'?rf 

5RT: n x\ ii 

Translation:— "(10) This "best of the Karana works" has been compiled by 
the learned king Dasabala, son of Virocana, and belonging to Valabha dynasty. 

(11) Illustrious scholars' like Aryabhata and others have spread their fame 
every day by power of their accomplishments, spotless like foam and well- 
known throughout the world. 

At the request of others this work has been compiled by me, offering homage 
at their sacred feet. May people be happy with the benefits acquired by its 
help." 

His School 

It appears that the work was compiled by king Dasabala of the Valabha 
dynasty. It does not state the name of. the Siddhanta followed; still, the 
annual motions given for its 'abdapa' (moment of the mean Aries Ingress) 
and tithi-suddhi (means tithr elapsed at the mean Aries Ingress) agree with 
the .figures calculated from the Brahma Siddhanta as corrected with the help 
of Rajamrganka. Similarly, the sides, the 'naksatra' dhruvas, nodes, etc. 
agree with the Brahma Siddhanta. From this, it is undoubtedly proved that 
the work conforms to the corrected Brahma Siddhanta. It has not separately 
mentioned the corrections; the motions have been determined after actually 
taking these into account. 
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Advantages 

The mean planetary places used to be calculated from the ahargana in well- 
known earlier Karana works like the Pafica Siddhantika, Khandakhadya and 
Rajamrganka. In other words, they describe the method of calculating mean 
motions and mean places of planets from the number of days obtained by multi- 
plying by 365J the number of years elapsed after (epoch of) the Karana 
work. But the ahargana increases with the increase in the number of years 
elapsed, and this causes lengthy multiplications and divisions. If tables 
showing mean motions for successive periods of days are prepared for calcula- 
ting mean places, the calculation of mean places of planets would take very 
little time, or if mean places are found from the number of years elapsed after" 
the epochal year, on the basis of the yearly mean motions of planets, even 
then it would take very little time. But it is surprising that the Pancasidd- 
hantika, Khandakhadya and Rajamrganka, and even well known Karana 
works like the Karana prakasa, Karanakutuhala and Grahalaghava which 
were compiled after them, and from which calculations are made even now, 
give the extremely laborious method of finding mean places of planets from the 
total ahargana. The mean place of a planet can be obtained from 'varsagana* 
or from tables in one tenth of time or even less required for finding the place 
by that method. The present work, Karana Kamala Martanda, has not only 
given methods for finding planets' places from 'varsagana' but has also pre- 
pared tables of motions in period of years in order to save the labours of mul- 
tiplying the 'varsagana* by the figures of annual motions. This is a great 
advantage. Some astronomers, who following the Grahalaghava, are, in 
these days, found using tables giving motions for days which are useful in 
finding planets positions from the ahargana. Similar tables based on the- 
Pafica Siddhantika and other works, might have been compiled by astrono- 
mers at different times ;but many ignorant astronomers are found who prefer 
the overlaborious method given in the old works instead of making use of tables,, 
because these are not met with in the works. The author of Karana-Kamala 
Martanda deserves praise in this respect. The work gives the calculation of 
mean places of planets from the mean Aries Ingress. It is somewhat surprising 
that the positions at the epoch and the yearly motions are not given in verse 
form; but it seems that these may have been given in the tables which accom- 
pany the work. The work seen by the author (Deccan College Collection 
No. 20 of 18.70-71) however, contains tables for 'Tithi Suddhi' only. The work, 
as it stands, is not sufficiently useful for making planetary calculation. It 
contains the following ten chapters consisting of 279 verses in 'anustup' metre :- 
mean places (of planets); three problems; lunar eclipse; solar eclipse; risings 
and settings; elevations of the moon's cusps; soli-lunar parallels of declina- 
tions; conjunctions of planets; true intercalary months; and calculation 
of the samvatsara (year). This work has assumed Saka year 444 as the no- 
precession year and one minute of arc as the annual rate of precession. 

The Aufrecht catalogue mentions another work by Dasabala, entitled 
Cintamani Saranika which contains tables useful for almanac-making. Dasabala 
claims that the' work of almanac-making can be expedited to a great extent 
through the aid of his work. He also appears to claim that the like of his 
work was never compiled before 
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Karana Prakasa 

Date and Author 

This is a Karana work. The epoch of the work is Saka 1014. The author, 
observes, in the beginning, 

Translation :— "I, the astronomer, Brahmadeva by name, most humbly 
compile this work, Karana Prakasa, in conformity with the 'Science' of 
Aryabhata", 

From this it is clear that, the astronomer, Brahmadeva, compiled this work 
following the (principles of) Aryabhatiya. The colophon of the work is as 
follows 

«ft«ft^f5"f # JHT%^: *s*m\ f&fe: feRft 1 1 

W3: ?&&& ^>TT ^vi «fl'?rpR s r: *nft: II H II 

Translation :— "There lived a great Brahmana scholar, named Sri Candra 
who was a (?) Mathura, reputed all over the world, who was the abode of 
Virtues and whose feet were worshipped by a number of kings. His intelligent 
son, Brahmadeva, after worshipping the feet of Lord Shiva, compiled this 
very accurate Karana work in metrical form." 

It appears from this that Candra was the name of Brahmadeva's father. 
Candra may have received the patronage of some king, or else as the above 
verse indicates, he m ust have been at least highly respected by some king. 
The name 'Mathura,' suggests that he may have been a resident of Mathura. 

School 

It is said in the beginning that this work was intended to be in conformity 
with .the science of Aryabhata and it is the first Aryabhata who is thus referred 
to. Even then, the positions and motions of planets given in it agree with 
those obtained from the First Arya Siddhanta only after Lalla's corrections 
are applied to the latter. This does not mention the corrections separately. 
The planetary positions and motions have been determined after taking into 
consideration those corrections. The epochal positions mentioned in it are 
true for the mean sunrise of Friday, the 1st lunar day of the bright half of 
Caitra of Saka 1014. . 
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These positions are found to agree, even to the seconds, with those ob- 
tained from the First Aryabhatiya after Lalla's corrections are applied to 
the latter. 
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Contents 

- The work describes the method of caculating the mean places (of planets) 
from the ahargana. It contains the following 9 chapters, viz. (i) n,ean places 
(ii) true places (hi) Geocentric calculation of the five planets (i\) Uiadow 
(v) Lunar eclipse (vi) Solar eclipse (vii) Risings and settings (of planets) 
(viii) Elevation of the moon's cusps (ix) conjunctions of planets. This work 
has assumed Saka 445 as the zero-precession year, and 1 ' as the rate of annual 
precession. 

Its Use 

There are two kinds of Ekadasi fast Smarta and Bhagavata. If on the day, 
preceding the Ekadasi day, the tenth titbi (Dasami) lasts for 56 ghatis cr more 
(after- sunrise), the followers of 'Bhagavata' School do not observe the fast on 
that day, as it is regarded as "dasami-viddha" (i .e. associated with the 10th 
tithi) but observe it on the next day. In finding the duration of the 10th tithi 
.in gha^s the followers of the Vaisnava sect in Sholapur, Karnatak and major 
part of the Deccan, follow the Aryapaksa. The work, Rarana PrakaSa, 
follows the Aryapaksa, and any tithi calculated by it happens to be longer than 
that calculated by the Surya Siddhanta or Brahma Siddhanta., by about 2 or 3 
ghatis. The author does not think that an almanac giving all tithis as calcu- 
lated from the Karanaprakasa is any where in use at present ; because in order 
to prepare Grahalaghava almanacs, tables which are given in Tithi Cintamani 
are available, and the calculations are made very quickly with their help ; 
there are no similar means for making calculations according to Karanapra- 
kasa For this reason, the followers of Vaisnava sect, especially in Maharastra, 
use the Grahalaghava almanacs for other tithis, but adopt the Aryapaksa 
in the case of Ekadasi only. And this too is done only approximately on the 
assumption that the Aryapaksa's tithi is always longer than that of Graha- 
laghava paksa by about two ghatis. Hence, if the almanac accordmg to 
Grahalaghava shows the duration of the 10th tithi as 54 ghatis, the next titbi, 
viz the 11th tithi, is regarded as 'dasami-viddha,' as its duration is bound to be 
56 ghatis according to Aryapaksa. The Grahalaghava almanac for Saka, 
1809 gives 52 B — 15 p , as the duration of the 10th tithi on Friday, in the dark 
half of Asadha, 54* — 32 p as that of the 11th tithi on Saturday, and 65 s — 39* 
as that of'the 12th tithi on Sunday*. According to this calculation, the Eka- 
dasi is not "dasamlviddha", nor is there any other reason for recommending 
two days for observing Ekadasi ; and hence, all Marathi almanacs have shown. 
EkadasT as falling on Saturday. But the author had a chance to meet a 
Vaisnava Acarya of Raichur side, along with a party of his disciples. He 
told the author that they were going to observe the Ekadasi on the second day, 
and on being asked the reason why, he uttered some words like Aryapaksa, 
Karanaprakasa, lipta etc. but he did not understand what Aryapaksa and 
Karanaprakasa meant. And after a few searching questions he admitted that 
they were going to observe the Ekadasi on the next day, because they had 
received such instructions from Dharwar. The author does not think that 
any one even in those parts actually calculates tithis from Karanaprakasa. 
He has also seen a manuscript almanafc of Saka 1758 compiled at Bijapur. 
It also appears to have been calculated with the help of Grahalaghava or similar 
other works. It had, however, shown separately the 10th and 11th tithis 
calculated from Karanaprakasa. The author once met a Vaisnava astronomer 
from Sholapur who told him that they used to calculate the duration of Ekadasi 
only sometimes from Karanap rakasa. A learned astronomer from Bid once 

♦These figures have been copied from the Grahalaghava almanac published in the Sayana 
Paftcanga of Saka 1809. 
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met him in Saka 1806. He knew the complete method of calculator h»*-A 
on Karanaprakasa but he told the autho? that they dk ^ not^ays rn^e 
tteir calculations from Karanaprakasa. I actually didVe c^cuS for^h! 
54? Sa ?Q r 5f rred t0 ab ° Ve ' fro "? karanaprakasa 'and obtained faTto*^ 
5 f~??\ a fter mean sunrise and 56 ghatis after true sunrise, for the lonritude 

4, i}a Z mi u * nsh ? rt > ** Karanaprakasa is still in use to a certL e?£nt 
The auttor had to take a lot of trouble in procuring a copy of the work and 

The Three Schools 

It must be mentioned here that the tithi armrtW*,*, +« x ^ i • ,. 
J* longer by 2 or 3 ghatis, ooty if I^&SSS! ap^dt' ^Srth 
tions made from First Arya Siddhanta otherwise not. Hence it app e ar7that 
a different criterion governing the observance of Ekadasi accordirs to Arvf 
pak§a, might have been introduced, sometime after La a for such criter7o^ 
could not have existed before. There is a wnrt ™ '\* L- ♦ > / criterion, 
Saka 1493) known as Muhurta M^nd" thlfstaTes ^Ti^^™ 

and Rajamrganka are works fo llowTng the BrlhrnZu, vT F^f* 
can be said to belong to the Saur3J %f^ -T P ?f* Khandakhadya 
prior to Saka 1014 following th^ ^ ArvSksa^ s,™^^ work Com P iled 
schools appear to have hc^sS^&^t fromlaia ?*K* the l^ 
even from Lalla's time, and their foflowSS W be™ Tj* P ^ S 
iheir respective creed. S begur to take P ride m 

The positions of planets mentioned in Grahalashava as helm,*;™ * rt a 
paksa have been calculated from the Kara^S W ^ 



Bhasvati Karana 
Date, Author and place 



It 

lie 
of 



Purusottamapuri that if Taaonnffif' - y that Satananda was a resident of 
by him ar?^e foftVat olSr x\ PUri ' andthat the e P ochal Potions given 
epochal posies LS aC a 6 s fo ^£ v ? n f °» ^^ *?<£ed is thaf the 
the siddhanta ^orks Lf comn^S «Yi J ^ m ' "^P^ve of the place where 

help of Kara^prakSa 8 T^S™? * si,fl k if"' '*> calculate figures for Ekdaafi with th. 
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the feet of Murari (Lord Krsna). From this, Madhava, one of his commen- 
tators, says that he was a Vaisnava. "Satananda observes in the first Adhikara- 

Translation .—"Nov, by favour of God Mihira, I compile a brief work equal 
to the Surya Siddhanta in merits 

Basis 

Madhava, one of tfie commentators of his Bhasvatlkarana interprets the 
Tvord "Mihira' as the sun, and interprets the words "like his Siddhanta" as 
"from the Surya Siddhanta", and he has attempted to explain the positions 
and motions of planets in it with the help of the modern Surya Siddhanta, but 
he has failed in this attempt. He is everywhere required to justify his stand by 
remarking that "the Acarya has ignored the slight differences." Madhava 
has not at all understood the fact that Satacanda compiled this Karana work 
*with the help of the Surya Siddhanta of Varaha's Panca Siddhantika. /The 
Panca Siddhantika appears to have gone quite out of vogue in his time (Saka 
1442) and this may have been the reason for misunderstanding. The author 
has seen many other commentaries on Bhasvati but they do not explain the 
basis of the 'Ksepaka\ 

The epochal positions given by the Bhasvati are those, true for the moment 
of true Aries Ingress of Thursday, the New Moon day of the 'amanta' Caitra of 
Saka 102L The author could not exactly find for what moment on that day 
they are true, and hence, he could not verify if they agree upto minutes and 
seconds of longitude. However, the epochal positions are definitely true for 
the day of tne true Aries Ingress and they agree,* for the most part with the 
figures obtained after applying the corrections (given on page 78) to mean 
places calculated from the Surya Siddhanta, given in the Panca Sidahantika of 
Varaha. From this it is proved beyond doubt that the planetary positions 
cited cy Bhasvati are those obtained by applying the Varaha's corrections to 
the places derived from the original Surya Siddhanta. The annual motiors 

of planets are also given in the same way. 

t 

True Aries Ingress 

The calculation of mean places, according to this work, is based, not on 
ahargana but on 'varsagana' {i.e. the number of years elapsed), and it has 
already been pointed in the discussion on Kamalamartanda (page 107) that 
this method is very convenient. All other Karana works which advocate the 
calculation of mean places from 'varsagana' start with the moment of mean 
Aries Ingress ; but this work starts with the moment of the true Aries Ingress. 
In preparing his plenetary tables Keropant has based the calculation of the 
planet's places on the true Aries Ingress. 

Centisimal System 

SatSnanda's work has one more speciality, viz. that he has adopted a centi- 

i _ - _^___ 

/ *The ahargai^a for verifying the epochal position given in Bhaswati as calculated from 
VIr C epoch of ) Pafica Siddhantika comes to 216962. One can easily see how labrious it would 
£• to do the multiplication and division* with this figure. If on the other hand the work 
aad given the rates of annual motion, the basic figure would have been (1021— 427) =394 and 
*he planetary calculation would have been far more easy. 



112 History of Indian Astronomy 

simal system, for starting the epochal positions and the multipliers and divisors* 
required in the calculation of the motions of planets. Ir doing so he ha& 
mentioned the positions and motions of the Sun and the Moor in terms of 
Naksatras and those for Mars and other planets in terms of Rasis (Signs). 
The author quotes two examples of this. The rate of annual motion of the 
moon has been given as 995|— . These are centisimal parts. This number, 
divided by 100, would give the required number of Naksatras. This would 

995| X 800 
gi ve ^7966f minutes=4 s 12°46'40." The adoption of the motion in 

100 
centisimal units such as 995^ involves much less labour than that involved in 

adopting the motion in terms of signs, degrees, etc. Another example. The 
epochal position of Saturn is given as 594. This, is given in terms of signs. 
The figure 594 when interpreted as so many centisimal units would give 

594 

=5 S 28°12' 

100 
This system is somewhat similar to the present decimal systerm One 
cannot say if the author of this Karana work adopted the name Satananda 
because he loved the Satamsa (centisimal) system. 

Contents 

The Bhaswati consists of the following eight Adhikaras (chapters)— (i) 
'tithi dhruva' (ii) 'grahadhruva' (hi) true tithi (iv) true places of planets (v) 
three problems (vi) lunar eclipse (vii) solar eclipse and (viii) graphs. These 
consist of about 60 verses in all in different metres. 

Bhasvati has assumed Saka, 450 as the zero precession year, and 1' as the 
annual rate of precession. 

Commentaries 

There is a commertary on Bhasvati written in Saka 1417 by Aniruddha of 
VaranasI from which it appears that there were many other commentaries on it 
written before. Madhava's commentary was written about Saka 1442. He 
was a resident of Kanauj, (Kanyakubja). Another commentary was written 
by Gangadhara in Saka 1607. There is yet another commentary dated about 
Saka 1577. Colebrooke says that Balabhadra's commentary was written in 
Saka 1330. From the catalogue* of Sanskrit books prepared by Aufrecht, 
the title of this commentary appears to be Balabodhini. According to Aufre- 
cht's Catalogue there are following additional commentaries on Bhasvati- 
karana :— Bhasvatikaranapaddhati ; Tatvaprakasika by Ramakrsna ; Bhas- 
vaticakrarasmyudaharana by Ramakrsna ; Udaharana by Satanarda ; Udaha- 
rana by Vrndavana. Similarly, there are commentaries by Acyutabhatta, 
Gopala, Cakravipradasa, Rameswara ; Sadananda and a "prakrit" commentary 
by Vanamali. 

Most of these commentators hail from Northern India. It shows that 
Bhasvatlkarana was well known on that side. It is not at present known there, 
nor did I come across a reference to it in any other work. 

KARATvJOTTAMA 

Date 

This Karana work has been mentioned at several places by Mahadeo in his 
commertary on Sripati Ratnamala. Mahadev quotes from this Karana on 

*The German Oriental Society has published at Leipzig in the year 1891, a very big 
extensive catalogue of Sanskrit books (Catalogus Catalogorum) prepared by a Germano 
scholar Theodor Aufrecht, on the basis of 56 long lists of Sanskrit books, 19 of which 
Contained particulars of books at different places in Europe and 37 of those available iu India. 
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precession. "Saka vasutryambara candra hin&h 5 ', which means, "Saka dimi- 
nished by 1038", Similarly, he quotes also the following lines from it : — 
(i) "kala rupa yatah karanasaradah sa satayuta" and (ii) "Karanottamadau 
capyayanamsa dasasamkhyah", meaning (i) The precession in Kalas (minutes) 
is 600, equal to the years elapsed before the date of (compilation of) the Karana 
and (ii) the ayanamsas adopted by the Karanottama at its beginning are <ten\ 
This clearly shows that the work, Karanottama, was compiled in Saka 1038. 
That Saka 438 was taken to be zero precession year, and that the annual rate of 
precession was 1 '. A statement from the Tajakasara (Saka 1445) viz that the 
places of planets should be calculated from .Suryatulya, Karanottama or Raja 
Mrganka has already been given on page 41. Out of those Suryatuly a 
might have been a work following the Saurapaksa ;Rajamrganka has alreadey 
been shown to belong to Brahmapaksa. Hence, it seems that the tiiird, Kara- 
nottama, probably belonged to Aryapaksa ; that it was in use in Saka 1445, is 
obvious from the Saka year of Tajakasara. I have not read or heard of the work 
being available in use anywhere at present. 

MAHESVARA 

He wastfie father of Bhaskaracarya, the famous astronomer and author of 
Siddhanta SiromanL His date of birth may be about the year Saka 1000 and his 
works may have been written about the year 1030 to 1040. The account of his 
ancestry will be found later in the account of Bhaskaracarya. According to the 
inscription of Ananta Deva, his great grandson, he compiled "Sekhara" a 
Karana work, Laghujatakatika, a work on astrology, and the work entitled 
Pratistha vidhidipaka (see account of Bhaskaracarya). Vittasata is another 
work written by him. It may be identical with the Muhurta work named 
Vrttasata. * 

ABHILASITARTHA CINTAMA^I 

THE AUTHOR , 

King Someswara III of the Uttara Calukya dynasty, who was otherwise 
known as Bhuldkamalla or Sarvajnya Bhupala, compiled the work "Abhila§i- 
tartha Cintamani or Manasollasa. It contains a number of subjects of which 
astronomy is one. The work has adopted Saka 1051 as the epoch for plan&ary 
calculation. The following lines are found written with reference to it : — 

W=*rerefa% sft \°x\ srcst *rt i sff& ^>*mr# eftr ^ww u 

Translation : — 

It appears from this that the work has given epochal positions for Friday, 
the first lunar day of the bright half of Caitra of the above Saka year, and the 
places of planets have been calculated from the ahargana. As the author has 
not actually seen the work, it is not known from what Siddhanta- work the planet's 
places have been calculated. 

*See Prof. Bhandarkar's History of the Deccan (English) Journal of the Royal Asiatic 
Society, New Service, 

1 DGO/69 9 
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OTHER WORKS AND AUTHORS BEFORE SAKA 1072 

Bhaskaracarya's Siddhantasiromani cites the names of a number of wprks, 
Among which there are some which have not been described so far. 

Madhava's Siddhanta Cudamani has been referred to twice in Siromani (see 
pages 234 and 269 of Pandit Bapudeva's book). This Siddhanta is not now 
available. 

Bhaskaracarya's 'Bijaganfta' (algebra) refers to Brahma and Visnu Daivajiiya 
as writers on algebra who lived before him. Their works are not available at 
present. Of them, Brahma may be the author of Karanaprakasa. 

BHASKARACARYA 

He was a very famous astronomar. Not only is* his fame resounding 
throughout our country for the last 700 years, but it has reached even the 
foreign countries. A brief account of his work will now be given. 

He has the Siddhanta Siromani and the Karana Kutuhala, two astronomical 
works, to his credit. He writes in the Siromani. 

HIS DATE 

Translation : — 

"I was born in the Saka year 1036 and I compiled the Siddhanta Siromani 
when I was 36 (58th verse)." 

This shows that the year of his birth was 3aka 1036 and that he compiled 
Siddhanta Siromani when he was in his 36th year. The epoch adopted for the 
Karanakutuhala is Saka 1 105. From this, he appears to have compiled it in that 
year. H§ has himself written a commentary named Vasanabhasya on two 
chapters of the Siddhanta Siromani, Grahaganita and Goladhyaya. At one 
place (in the chapter on the soli-lunar parallels of declination) in it he observes 
**I have similarly quoted the 'Sarakhandakas' in the karana work" ; and he has, 
at some places in the commentary adopted 11° as the ayanamsa. This ayana- 
msa value of 1 1 °, according to his view, was true in Saka 1 105. So he seems 
to have written the commentary about the Saka year 1105. However, a part 
of the commentary may have been written before this and some portion may 
possibly have been written along with the original Siddhanta. He compiled 
the Karana work in the 69th year of his age and a portion of the commentary 
also was written then. This speaks of his energy and intelligence at such a 
ripe age. Such people are very rare in our country at present. His works 
and other works also contain so much evidence about his date that there is 
absolutely no doubt about it. 



Jyotisha SiddhantA Period 115 

ANCESTRY 

* 

Bhaskaracarya has Tecorded a brief history of his ancestors and has 
mentioned the place of his residence in the following verses : — 

f^ff^nrf^: n %\ it 
^^farc ii ^ ii 

Translation : 

(61) There was a Brahmana, Mahesvara by name, and belonging to Sandilya. 
'Gotra', who lived in the village of Vijjadavida, which was sheltered by the 
ranges of Sahyadri mountains, and which was inhabited by learned men well 
versed in the three Vedas. He was the formost among astrologers and best of 
virtuous persons, a treasure of all knowledge and shilled in the study of the 
Sruti and Smtri works. , 

(62) The poet Bhaskara, who was his son and worshiped his feet was very 
intelligent and he compiled a Siddhanta work which was aimed at being the 
enlightener of the ignorant and very much liked by the scholars, which was full 
of true and clear statements, accompanied by reasoning,which was easily 
intelligible to learned men and antidote to wrong thinking. 

It is clear from this that his gotra was sandilya ; his father's name was 
Mahesvara from whom he got his learning. His place of residence was Bijjada- 
vida, near the Sahyadri mountains. 

There is a village named Patan 10 miles S. W., of Calisgaon, in Khamies ; 
at present it is a deserted place. In that village there is a stone inscription* in 
the Bhavani's temple. Cangadeo, a grandson of Bhaskaracarya was an astro- 
nomer at the court of king Singhana of the Yadava dynasty. This Singhana 
(Simha) ruled at Devagiri from Saka 1132 to 1159. Cangadeo built a math 
(monastery) at Patan for the teaching works of Bhaskaracarya and those of 
his descendants. King Saideva of Nikhumbha dynasty, a feudal king of sing- 
hana made an endowment for the maintenance of this monastery in Saka 1129 

■R a o e ^ ate Bhau paji discovered the inscription and published it in the journal of th* 
«■ A. So, N. S. Vol. I p. 414 ff. It was. again printed well on p. 340 ff, Vol I, of 
•nP'graphia Indica, and Patan, the name of the village occurs in it. 

9a 



116 - History of Indian Astronomy 

and his brother, Hemadi, also made a grant. This information can be ob- 
tained from the above inseription. Cangdeva has drafted the contents of the 
inscription, a few years after Saka 1 128. The monastery 'does not exist now ; 
but one finds traces of its existence. This inscription gives an account of the 
forefathers and successors of Bhaskaracarya as follows :— 

^ifeg^K^ sfJfcNitfltff fafa**ft^ cPTsfter «TTcT: I 

aft ^TO^r ^mfcsTTCt f^TFTf^^^TffTmT II $\s 1 1 

^fafl r+ wpwRjErrcfSnarot *r i^ w^-fts^ 1 1 ^ ? it | 

■ *& 

^R^^f^T?«TT: ftT4ig fi l^*<fiW*Wr: II 1 

Translation :— .■ 1 

(17) Trivikrama, the best of poets, was born in the Saii^ilya family. A| 
son was born to him ; he was named Bhaskarabhatfa and was made thef 
' Master of learning * by king Bhoja. 1 

• ■'■"5, 

(18) From him was born a son Govinda, who resembled Govinda (Lorclf 
Krsna), from whom was born a son, named Pravakara, who was another f 
Prabhakara (Sun). 

(19) From him was born Manoratha who was the fulfiller of "manorath's" 
(i.e. aspirations) of good men, and the great poet Mahesvara was born from him. 

(20) His son, a scholar was so great and famous that his feet were worshipped 
by groups of scholars, he was the fruit borne by the creeper in the form of 
learning, he was the store of all knowledge, and he attained so much fame and 
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was so great that there could rarely be found any one on earth to debate even 
with his disciples. ° cvcu 

(21) Laksmidhara was the son of Bhaskara. He was at the helm of all 
learned men, who interpreted the Vedas and was the leader of lo g ic?ans an d 
was an expert in the science of ' mimansa '. logicians an a 

. ./ 22) -, H ^ b ^! n S known J be w ell versed in all sciences was invited bv tint 
Jaitrapala to his court, and was made the leader of all scholars 

(23) From him was born a son named Cangadeo, who was the senior most 
astrologer at the court, of Emperor Sinehana HppZtnwf ost 

with the intention of propagating BtoS^? w Sgf°^ . 8 m ° naStery . 

<aa^ ♦*?■ the w ? rks compiled by Bhaskara, the chief of which was the 
Siddhantasiromam, and also the works compiled by his descendants Ire to be 
regularly studied m my monsatery. «^ C nu dm s, are to be 

Bhaskaracaryat's genealogical table, prepared on the basis of the above 
verses is given in the margin :— r ■ * ■ "^ uaaia "*■ me aoove 



Trivikrama 
1 



The gotra and the name of Bhaskara's father in this 
BMska;aBha»a XMj^ l&S £££&%£> 
Govinda Rw^fv^T in the table > ™s the tutor to king 

Oovmda ^* *$&***> ' heautb ° r of Siromani, was born iS 

kalca 1036. ^Reckoning 20 years as the average for a 
generation, Bhaskara, the tutor of Bhoja, may be taken 
to have been born in Saka 936. Hence it was not 
impossible ibr him to be the tutor of king Bhoja, the 
Mahesva™ author of Rajamrganka, who lived in Saka 964. The 

Mahesvara inscriptions further says that Laksmidhara, the son of 

Bhaskara Bhaskara r the author of Siromani, was invited by king 

"nasicara Jaitrapala to his court and thaft his. grandson, Cangadeo 

Lak.m^i! W ^ S astron omer at the Court of Emperor Sinehana' 

Lak ? midhara ^rapala of Yadava dynasty ruled, ft Devag^ffrom 

C anga Deo |± ? £ \\% and hls so » S ™&*™ ruled from 



1 
Prabhakara 

1 
Manoratha 

1 



Saka 1132 to 1169. 



neJthe r ver S,^ Bahal > 10 m ies north of Calisgaon, in Khandes", 
goddes aE GlT i J he ? \ an ? nscn P tlon in this villge in the temple of 
Manoratha of <&%£?"* !° ^ mscri P tio n, Mahesvara was the son of 
Gan^anati 't? c 94 i lya S °, tra ; - h,s son was Sripati who had a son, named 
Sinha P fS m ^?° n f i-f tad T WaS the Head Astrologer at the Court of King 
tioned temSe-^f X^a**** 8 *?' In Saka 1144 ' he built tlie ab °ve men? 
ThnicrinHon nf hC g .° ddeSS " Jt Was he who S ot the inscription carved, 
inscription Se/r^f Stry t agreeS q !J lte ^ eU with that 8 iven in the Can^adeo's 

g^j ^^XStiKS^ m n8adeo ' s inscription ' is the author 

*S«e Prof. Bhand.rk.r'8 Biaory of the Doom, (English) p. 82. 

**^&?^£22^Mi£ TAro "*«W«. '»*«• The im<:riptioil 
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THE PLACE OF RESIDENCE 

Bhaskaracarya has not stated that he was patronised by any king, nor 
do we get such information in either of the two inscriptions. According to 
his statement, Vijjalavida, was the place of his residence. The last two 
letters of this word suggest that Bid might have been the place. But Bid is a 
place in the Nizam state, 80 miles to the east of Ahmedanager. It is not 
situated near the Sahyadri ranges, and it is learnt from enquiry that there are * 
no descendants of Bhaskaracarya living there at present. The Lilavati of 
Bhaskara was translated in Persian, by Akbar's orders in 1587 A.D. (Saka 
1509). The translator has stated in it that the birth place of the author was . 
Bidar in the Deccan. Bidar is a place about 100 miles to the east of Sholapur* j 
in the Nizam State, but it is not near the Sahyadris. It is a place 30 miles to 
the east of the well known city of Kalyan. The kings of the calukya dynasty 
were ruling at Kalyan at the time of Bhaskaracarya. Even though such a \ 
great kindgom existed so near, nothing is mentioned anywhere about the^ 
association of Bhaskaracarya with it. From this, we may conclude that 
Bidar was not Bhaskaracarya's place of residence. 

■f 
It is stated in the 22nd verse of the Canga Deo's inscription that "king 
Jaitrapala called Laksmidhara, son of Bhaskaracarya from the town, 'Patan'. r 
The village of Patan is very near to Devagiri (Daulatabad), the capital of the 
Yadava Kings and it is near the Candwad hills which are off shoots of the .) 
Sahyadris ; that is, it is " sheltered by the Sahyadri range ", in the words of * 
Bhaskaracarya. The village of Bahal where Anant-Deo,_a descendant of^ 
Bhaskara built the temple, is only about 20 miles from Patan. This shows 
that Bhaskaracarya's original place of residence was, beyond doubt, the village^ 
Patan itself or some village near it bearing some such name as Vijjalavida. ! 
It is not known at present. 

Subject matter of Siddhanta Siromani 

The Siddhanta Siromani is divided into four main parts which are also .■< 
called Chapters. Each part has a number of chapters in it. The first part is 
termed as the 'Patiganita' or Lilavati, by the author. This can be said to be an 
independent work on arithmetic and mensuration.. It consists of about 278 
verses. In between are also given explanations of examples in prose. In th» 
beginning are given in it some tables of various measures ; next follow the terms 
for the places of digits in a number up to * parardha ' which is the 18th place. 
Next come the eight fundamental operations, addition, subtraction, multipli- 
cation, division, square and square root, and cube and cube root. They are 
termed ' parikarmastaka *. Then come subjects like, fundamental operations 
for fractions and those for zero, ' istakarma ' (unitary method), rule of three, 
rule of five, progressions etc. Similarly, these are followed by areas and volumes 
of different figures and solids. Next come subjects like " kuttakaganit, paksika 
viparyaya and sarvamsika viparyaya ", amongst which is given an example 
of special importance. " A peacock was sitting on a pole, 9 cubits in height. 
It saw a serpent at a distance of 27 cubits, approaching a hole at the foot of the 
pole. It jumped to catch the serpent. Both moved at the same speed. How 
far away from the pole will they meet? " The answer given is ' 12 cubits away 
from the pole '. This answer is correct if the peacock is supposed to have 

*See Pott's Algebra (1886) Sec. II. 
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flown along the hypotenuse of the right angled triangle i.e. 15 cubits in a 
straight line. But it is worthnoting that the important mathematical idea 
that the path of a flying peacock would be a curve much different from the 
circumference of a circle which is not found in other Sanskrit works had 
occurred to Bhaskaracarya. It is needless to say that such popular beliefs 
as that one can count the leaves of a tree by studying Lilavati, are baseless ; 
but they indicate people's reverence for the work. The second part of the work 
is known as ' bijaganita ' (Algebra). It contains the following subjects :— 
the addition etc. of positive and negative numbers, of unknown quantities and 
of surds. Then come the chapters on subjects like ' kuttaka ' and varga- 
prakriti ', simple equations of one unknown quantity, simultaneous equations 
of more than one unknown and equations involving squares and higher powers 
of one or more unknown quantities. This consists of about 213 verses in all, 
with some prose portions in between. 

The parts known as ' goladhyaya ' and * ganitadhyaya ' are devoted to 
astronomy. The first part treats of all subjects related to planetary calculations 
which have been mentioned in the list of Adhikara given in the Introduction. 
The number of verses in it, including those in the commentary, is stated to be 
4346 The part known as ' goladhyaya ' deals with the theory of all questions 
discussed in the ' ganitadhyaya ', a description of the three worlds, a chapter 
on instruments of observation etc. The number of verses mentioned is 2100. 
Ln the end is given a very short but important chapter named " jyotpatti . 
in the middle is given a short chapter entitled * description of seasons ; it has 
been compiled by Bhaskaracarya only to exhibit his poetic gift. 

His Capability 

Bhaskaracarya has adopted from the Brahmasiddhanta the numbers of 
revolutions and other elements of all planets given in the chapter on mean 
places and the degrees of epicycles in the chapter on true places. The correc- 
tions to be applied to mean positions of planets have been taken m to\o trom 
the work ' Rajamrganka '. Even the precessional motion has been taken 
from earlier works. In short, there is nothing new in Bhaskaracarya s works 
which is obtainable by observation ; but his work is full of knowledge obtain- 
able only after deep study. This sort of knowledge is the origin of the theory 
of the Science of astronomy. The work Siddhantasiromani has reached such 
a high degree of excellence on account of various simplified methods and the 
explanation of their underlying theory, covering all subjects from the trifling 
calculation of planets' places from ' ahargana ' to 'abstruse questions like that 
of parallax and the sine theory, that we can really understand the essence ot 
Indian astronomy by reading even this single work ; and it appears that it is 
on account of this Bhaskaracarya became so very famous. Several works ot 
varying quality might have been thrown into the background because ot this 
work. In view of the fact that even the Brahma Siddhanta which was 'revered 
by Bhaskaracarya like a preceptor, was surpassed by Bhaskara Siddhanta, 
one can easily guess how many other authors might have been consigned too m- 
ivion because of Bhaskara's works. The period from Iryabhata I to Bhaskara- 
carya is regarded as the most brilliant period so far as the development ot 
Indian Astronomy is concerned. It is during this very period that the Khaliphs 
of Baghdad in their days of prosperity invited astronomers from India, got the 
Hindu works translated into Arabic and Latin, and the Arabs and £ reeKs 
became disciples of Hindus. It was in this very period that the problem « 
' Ayana ' motion was fully studied. Several authors of works might nave 
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flourished in this flourishing period of astronomy ; but some of them are now 
known only in name, while some others are not even so lucky. It is no doubt 
d ue to the march of time ; but it is felt at the same time that Bhaskaracarya was 
responsible for this to a great degree. No other author of equal calibre was 
born after him. Bhaskaracarya's works are well known in every nook and 
corner of the sub-continent of India. Not only this, but they have been, 
translated also even in foreign languages. But it is the misforiune of our 
country that such a genius failed to make any of the important discoveries 
made in Europe in modern times or even lay the foundation of at least one of 
them. Bhaskaracarya did not make any efforts in respect of observation. 
The author inclined to believe eveii from his meagre experience that if he had 
done it, his intelligence which was devoted to the task of merely explaining 
theories like a commentator would have definitely been diverted to new dis- 
coveries. 

His works contain nothing new ; still, because he has devoted all his 
intellectual power to theory, his works do contain some new discoveries which 
are obtainable by study and not by observation* To him the knowledge of the 
sphere was at his fingure's ends. He has suggested a number of new methods, 
in the chapter on three problems and has shown his ingenuity in dealing with 
several questions in them. Earlier astronomers had not described, in their study 
of the gnomon, the method of calculating the length of the shadow in any 
whatever direction but he alone has described it. He has remarked, iC Earlier 
astronomers had been labouring under a delusion in respect of the calculation of 
the Mahapai (Soli-lunar parallel of declination); ldescribed the correct methojcT. 
Earlier astronomers appear to be regarding the arc of the latitude to be lying 
along the declination circle, that is perpendicular to the equator but he has 
clearly shown that latitude is perpendicular to the ecliptic. The correction 
known as * udayantar ' is one of his discoveries. It is briefly described here : — 

" When finding planets' places from the ahargana, the days are all supposed 
to be of equal length ; but actually they are not so. Even at the equator, 
the days are somewhat longer or shorter than 60 ghatis (i.e. 24 hours) and this 
causes the difference between the moments of mean and true sunrise. The 
places of planets calculated from the ahargana are true for mean sun rise. 
To deduce their places true for the true sunrise, earlier writers have prescribed 
the corrections known as ' bhujantar ' and ' cara \ Bhaskaracarya has pres- 
cribed one more correction known as ' udayantara \ The sun's motion in 
the ecliptic is not always uniform. The time of true sunrise differs from that 
of mean sunrise according to the equation of centre, that is, the difference 
between the true and mean longitude of the sun. The correction due to this 
is called ' Bhujantar \ The earth rotates round its axis : it rotates in the 
plane of the equator and not in that, of the ecliptic. It is on account of this 
fact, that the 30° arc of the ecliptic does not always require the same time to 
come above the horizon as an equal arc of the equator. The correction 
necessary to cover this irregularity has been called ^Udayantara' by Bhaskara- 
carya and this correction is evidently necessary to be applied. The corrections 
of ' bhujantara ' and fc udayantara * together are included into one term called 
44 the equation of time" by. the European astronomers. Thus Udayantara 
was oneof the discoveries of Bhaskaracarya. "Ranganatha, the commentator 
of the Surya Siddhanta has attempted to show in his commentary on the 59th 
chapter that this correction was desired by the author of the Surya Siddhanta 
and has remarked that the author had not mentioned it as it was very 
small. The author of the Siddhantatatvaviveka has attempted to refute 
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Bhaskaracarya's argument about the need of the adoption of this correction 
of udayantara ', but this attempt has proved futile as it shows sheer obstinacy. 
The Siddhanta-siromani discusses new trivial questions other than that of 
' udayantara ' and has in the discussion pointed out at two or three places, 
Brahmagupta's error". ■ 

Karana Kutuhala . ~ . 

The Karaha work, Karaoa-Kutuhala, has adopted Saka 1105 as the epocha 
year. The moment of sunrise on Thursday, the new moon day of Phalguna 
of Saka 1 104, is the epoch for which the positions are given. The mean places 
have been calculated from ahargana. Bhaskaracarya regards his work as 
comparable to Brahma Siddhanta, but as a matter of fact, it is so, only when 
the corrections recommended by Rajamrgahka are applied. It is also called 
" Grahagamakutuhala ". It was very well known. Some persons use this 
for calculation even now. It has already been pointed out that tb.2 figures 
claimed by' the author of the Grahalaghava, as belonging to Brahmapaksa, 
have been taken from this work. There is a voluminous work called " Jagac- 
candrikasarani " containing tables which are used to calculate planets' places- 
according to this work. The Karana Kutuhala contains the following ten 
Adhikaras (chapters) (i) mean places (ii) true places (iii) three problems (iv) lunar 
eclipse (v) solar eclipse (vi) rising and setting (vii) elevation of moon's cusps 
(viii) conjunction of planets (ix) Mahapata (x) purvasambhava (possibility 
of eclipses). These respectively contain 17,23,17,24,10,15,5,7, 16 and 5 verses, 
making 139 verses in all. 

Commentaries 

No other astronomical work can boast of having so many commentaries on 
them as the works of Bhaskaracarya. Some of them deal with all the four 
sections of the Siddhantasiromani. Some others are written on only the first 
part called Lilavati, some on only the second part known as ' Bijaganita 'and 
still others deal with the two parts ' grahagahitadhyaya ' and 'goladhyaya'. 
The commentaries on Lilavati are mentioned below : — 

Gangadhara, the son of Govardhana and a resident of Jambusara, has written 
a commentary called ' Ganitamrtasagarj ' ; it probably belongs- to Saka 
1342. This was also known as ' Ankamrfasagari ', and the Aufrecht catalogue 
states that Laksmidhara was another name of Gangadhara. Gahesa Daivajnya, 
the author of Grahalaghava, wrote his commentary known as ' Buddhivilasini ', 
in Saka 1467. Dhanesvara Daivajnya has written a commentary called 
' Lllavatibhusana *. Mahidasa has written one in Saka 1 509. The commentary 
known as Lilavatlvivrtti has been written by Munisvara in about the year 
1557. The commentary by Mahidhara, known as Lilavativiyarana, refers to 
Munisvara ; from this it appears to have been written after Saka 1557. The 
Aufrecht Catalogue mentions the following additional commentaries : — 

The ' Ganitamrta Lahari" by Ramakrsha,_son of Nrsimha, (1339 A.D.) ; 
the Patiganita kaumud'i, a commentary by Narayana, son of Nrsimha (1357 
A.D.). Manoranjana by Ramkrsnadeo, son of . Sadadeva ; The DJayatt-_ 
bhusana by Ramacandra ; Nisistadutl by Visvarupa ; Ganitamrtakupika 
by Suryadasa ; the Udaharana by Candrasekhara Patanayak ; Udaharana by 
Visveswara and commentaries by Damodara, Devisahaya, Parasurama Rama- 
datta, Laksminatha, Vmdavana, Sridhara Maithila etc. Of these, the "Nisrs- 
taduti " commentary appears to belong to Munisvara, because Visvarupa 
was another name of Munisvara. 



122 History of Indian Astronomy 

The commentaries on ' BIjagaruta' : — The commentary known asBljana- 
vankura by Krsna, the^ famous astronomer at the court of Emperor Jahangir 
was written in about Saka 1524. It is also known as Bijapallava and Kalpa- 
latavatara. It is very extensive. There is a commentary known as Bijaprabodha 
written by Ramakrsna, son of Laksmana, who was the son of Nrsirnha Deo 
of Amraoti. This Ramakrsna calls himself a disciple of JVtunisvara. From 
this it appears that it belongs to about Saka 1570. The Aufrecht catalogue 
mentions ** Bijavivrttikalpalata " by Paramasukha, and * Udaharam' by 
Krparama, as additional commentaries, 

Ganesa Daivajnya, author of the Grcihalcighava, has written a commentary 
on " Grahaganitadhyaya and Goladhyaya ". Ganesa, the great grandson of 
Ganesa Daivajnya, the author of the Gmhalaghava, wrote a commentary 
known as * Siromanj Prakasa, about Saka 1500. The commentary known as 
VasanakaJpalata or Vasanavartika by Nrsirnha, a resident of Golagram, 
belongs to Saka 1543- The Marici commentary b^ Munisvara or VisVa- 
rupa is very extensive and the best one. It was written m Saka 1557. Siddhan- 
tasuryodaya, a commentary by Gopinatha, brother of Raghunatha and son of 
Bhairava, was written after Saka 1450. 

The following are the commentaries on the complete work of Siddhan- 
tasiromani :— Suryadasa, son of Jnyanaraj a, has written a commentary known 
asSuryaprakasa on all the four sections. The part of this commentary relating 
to Lilavati and Blja was written in S^ka 1460. Par amadis vara, the commentator 
of Aryabhatal, is said to have written a commentary called Siddhantadipika 
on the works of Bhaskaracarya. It appears to have been written on all the 
four sections. The commentary " Mitabhasim ", by Ranganatha, son of 
Nrsirnha, a resident of Golagram, was written soon after Saka 1580. 

The Aufrecht Catalogue mentions the following additional commentaries :— 
The * Ganitatatvacintamani by Laksmidasa, son of Vacaspati (1501 A,D.) 
The Udahararia, by Visvanatha ; and the commentaries by Rajaginpravasi 
Cakracu<Jamafli, Jayalaksmana or Jay a Laksmi, Mahesvara, Mohandasa^ 
Laksminatha, Vacaspatimitra ( ?) and Harihara. Most of them might be con- 
fined to Grahaganitadhyaya and Goladhyaya only. 

The Karana' Kutuhala, has been ^commented upon by Sodhala, by Padma- 
nabha, son of Narmada, and by Sankar kavi. The last commentary has 
adopted Saka 1541 as the year for its examples. There is a commentary 
dated Saka 1482, which contains an example ; the commentator was a resident 
of Unnata Durga. The place -has 4-48 as the palabha and 60 yojanas west, 
as dei&ntar (longitude). The Aufrecht Catalogue mentions the following 
additional commentaries :— Ganitasar conforming to Brahmasiddhanta and 
written by Kesavarka ; * Ganakakumudakaumudi ' by Harsagapita ; the 
Udaharana by ' Visvanatha, and the commentary by Ekanatha/ 

There may be* many more commentaries on Bhaskaracarya's works. 
The Lilavati was translated into Persian in Saka 1509 and the Bija in Saka 
1597. Colebrooke has published the English translation of Lilavati and 
Bijaganita m 1817 A,D. Pandit Bapudeva Sastri published an English transla- 
tion of Goladhyaya in the Bibliotheca Indica in 1&61 A.D. The translation 
contains a number of notes. All parts of Siromani and the KaraVakutuhala 
have been printed at several places in our country. 

*The author has taken the information about some of the commentaries enumerated 
above from other books. He has not seen all the Commentaries personally. 
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Madhava (Saka 1185) the commentator of Ratnamala, and other writer^ 
have mentioned, 'Bhaskarvyawahara,' a work on Muhurta. It may be a work 
by Bhaskaracarya. A verse of Bhaskara has been quoted in connection with 
marriages in the commentary on Vivahapatala by Rama (Saka 1446); A 
reference to the work Vivahapatala by Bhaskara was also found in the 'Sarn- 
giya' Vivahapatala and in other one or two works ; and a small volume named 
Bhaskaravivahapatala which is in the Deccan College collection, gives no 
information other than the author's name. It appears however, that Bhas 
karacarya might have written a work entitled " Vivahapatala ". 

Anantadeva 

He was a descendant of Bhaskaracarya. His inscription at Bahal dated 
Saka 1144, has already been referred to above (page 117). He has 
mentioned in it that he wrote commentaries on " chandascityuttara ", the 
20th Chapter of Brahmagupta's Siddhanta, and on Brhajjataka. 

ADITYAPRATAP SIDDHANTA 

The Mahadevi commentary on Sripati's Ratnamala has quoted some 
lines from this Siddhanta. The Mahadevi commentary belongs to Saka 1185. 
This Siddhanta must, therefore, have been written earlier than this. The 
Aufrecht Catalogue, mentions it as written by Bhojaraja. If it be true, it be- 
longs to about Saka 964. 

vAvilAla koccanna 

A karana work by Vavilala Koccanna, a Telangana astronomer, belongs 
to Saka 1220 ; and the epochal positions in it are given for the afternoon of 
Thursday, the New Moon day of Phalguna of Saka 1219. I have calculated 
the planet's places from the modern Surya Siddhanta, and they agree with the 
author's places completely. It, therefore, clearly shows, that the work has 
been compiled with the help of the modern Surya Siddhanta. The work 
does not contain the correction to be applied to Surya Siddhanta according 
to Makaranda and other works. Mr. Warren,, an European of Madras, 
compiled a work entitled ' Kala Samkalita* in 1825 A.D. It incorporates 
the major part of this Karana work and gives some information about it. 
It appears from this that the work is still in use in Telangana, and almanacs 
are prepared with its help. These almanacs are known as " Siddhanta Candra- 
Pancanga." 

GRAHASIDDH1 

It is a Karana work. It is also known as Mahadevi Sarani. It has adopted 
Saka 1238 as the epochal year, and hence, it appears to have been compiled 
about that time. 

Its History 

The author, in the very beginning, observes, 

which shows that the work was first started by some astronomer, Cakresvara, 
and then the imcomplete work was carried to completion by Mahadeva. 
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Dbanaraja wrote a commentary on it. Mahadeva has recorded his family 
history in the last 4 verses of the original work ; but the commentator has 
not commented upon them because the verses are very incorrect. There is 
# copy of the commentary in the Deccan College collection. The Anand- 
asrama has got a copy of the work without a commentary (no. 2086) which 
contains the same verses in their incorrect form. One comes to know from 
it that Mahadeva was a Brahmana, his Gotra was Gautama. Padmanabha 
was his father's name and Madhava* his grandfather's name. The Author 
lias come across an old work named ' Jatakasara \ written in Sanskrit and, 
Gujerati. It has recommended the calculation of planets places from Maha- 
devisarani. The copy of the Mahadevisaranl belonging to the Deccan College 
Collection was procured at Ahmedabad. The commentator also is the resident 
of a place near Gujerat, and Mahadeva himself has adopted 4£ as the * palabha ' 
for calculating the ascensional difference (cara). It shows that he may have 
been the resident of a place near Surat in Gujerat, and it appears that the 
work might have been in use in Gujerat for a considerable period. 

Contents 

This work contains about 43 verses. They describe the methods of cal- 
culating only the mean and true places of planets. The epochal positions 
are given for the mean Aries Ingress and the work contains tables for calculating 
mean places of planets from ' varSagana \ which simplifies all calculation; 
It has given the positions and motions of ^planets which are comparable to the 
JJrahma Siddhanta, after the corrections mentioned by Raja JMrganka are 
applied. 

The Commentary 

The commentator has given his account at the end. A portion of it is 
:given below : — 

Translation ' — (There are omissions and inaccuracies in the text). 

" In the village of Padmavati, on the 8th lunar day of the bright half of 
Jyestha in Saka 1692. " 

" There is the King Gajasimha, of Rathod family, who is a Jain and rules. ." 

From this, the commentator appears to be a Jain. He has given Dhanaraja 
as his name. He has, in the commentary, calculated the longitude of Sirohi, 
(a place, 30 Yojana's West of Ujjaini) ; and from this, he seems to be a resident 
of that place. The name of the commentary is Mahadevi DIpika. It is 
said to contain 1500 verses. The year 1692, mentioned in the above verse', 
is a Samvat year of the Vikrama era, and hence, the time of the compilation 
<of the commentary comes to be Saka 1557. 

* See line 19, Page 316. 
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NARMADA 

It has already been observed in reviewing the modern Surya Siddhanta 
(Page 43) that there must have been a commentary on the Surya Siddhanta 
or some work based on it from the pen of Narmada. The time of that 
Nanhada must be Saka 1300. This point has been discussed further while 
commenting on the Damodariya bhatatulya. The commentary or work is 
not at present appreciated. 

PADMANABHA 

He was the son of Narmada mentioned above. His probable date was 
!§aka 1320, and more information about him has been given in the next para. 
He has written a work entitled ' Yantra-Ratnavali '. The author had with 
him, its second chapter entitled Dhruvabhramayantra, which bears his 
(Padmanabha) own commentary. 

A review of these works will be found in the Chapter on instruments. 

DAMODARA 

Damodara has to his credit a work, Bhatatulya by name. Its epochal year 
is &aka 1339. The author observes, 

S^^STR*ra=*r ^f fcj^f ^ jp^ qftfa 1 1 ^ | , 

Translation :— 

Damodara, after saluting the Lotus-like feet of his Guru Padmanabha, 
compiles this karana work, comparable to that of Aryabhata, for the pleasure 
of laerned men(2) 

^^<y}<-H'fd fcrsrwRrPr: ^5rTf«r?ft sftafor 

Translation :— May the study of the work made with the favour of my 
father and preceptor Sripadmanabha, son of Srinarmadadeva, bring me 
prosperity. (16) 

The virtous Damodara, whose lotus face was like the Sun and who is 
offered continuous prayers by his good disciples, compiled this Karana (work) 

'Conclusion* 

From this, it appears that Padmanabha was his father's name, who was also 
ius preceptor and the name of his grandfather was Narmadadeva. In the 
Dhruva-bhramayantra mentioed above, the author observes in the beginning. 
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Translation : — After saluting the feet of my father and preceptor, who was 
horn because of the favour of Srinarmadadeva, I describe the best of the 
instruments, the Dhruvabhramayantra, which is useful in giving the time at 
night (1) 

•and in the end, the following remark is made : — 

Translation : — So ends the second chapter on Dhruvabhramana, in his 
self- written work Yantra Ratnavali, which is compiled by Sripadmanabha, 
son of Srinarmada. 

It app^rs from this, that Narmada was the name of Padmanabha's father 
and this leads one to believe, beyond all doubt, that this Padmanabha was 
Damodaras father. Damodara's work was written in Saka 1339. Hence, 
assuming 20 years for one generation, the date of Padmanabh^'s work comes 
to be about Saka 1320. The work, 'Jatakabharana', (see section on 'jataka' 
later on) written in about Saka 1460, refers to the Dhruvabhramayantra, 
which lends support to the above argument. Although it does not prove 
beyond doubt that the Narmada whose verse has been quoted by Ranganatha 
(page 43) was the father of Padmanabha, referred to in the above verse. 
still there is a similarity of names. Padmanabha says that Narmada, his father, 
was a scholar and was also his preceptor, and it appears quite probable that 
he could have been the author of some work. The Narmada, mentioned by 
Ranganatha, must have lived before, him (Saka 1525) and this does not give 
rise to any contradiction ; and the most important fact is that Damodara has 
adopted in his work, Bhatatulya, 54 seconds as the rate of annual equinoctial 
motion. This is the same as in the Siirya Siddhanta. None of the 'pauruseya* 
(human) authors of works described so far, have adopted this notion except 
Damodara. From this, it seems beyond doubt, that Narmada who was his 
grandfather, must also be the author of the commentary on Surya Siddhanta. 
The date of his commentary may be Saka 1300. 

The work 'Bhatatulya' has adopted epochal positions for the mean Aries 
Tngress of Saka 1339. Thej; agree with those obtained after applying the 
Lalla's corrections to First Aryasiddhanta. The sides and nodes are given 
according to the First Arya Siddhanta. He has adopted 54 seconds as the 
annual equinoctial motion and Saka 342 as the zero-precession year. More 
information about this will be given later on. This work contains the following 
c hapters : — 

(i) mean places, 
(ii) true places. 

(iii) calculation of places of five planets, 
(iv) three problems, 
(v) lunar eclipse, 
(yi) risings and settings and 

(vii) conjunctions of planets. It contains, in all, 222 verses in various 
metres. The author has remarked in the end that the number of 
verses would be 400, if composed in 'anustup* metre. 
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He has dealt with the chapter on 'three problems' very extensively. . It 
consists of 87 verses, which contain some problems also and the figure 5 for 
the 'palabha' has occurred a number of times in those problems. The first 
Arya Siddhanta does not mention longitudes of stars. The work 'Karana- 
prakasa which also follows the Aryapaksa, does not give longitudes of stars. 
But those given by Damodara are some what different from what one finds 
in all other works. This speaks of his independent discovery in this respect. 
A more detailed discussion of this will be found further in the chapter on con- 
junctions of planets. 

MAKARANDA 

Makaranda is a work containing tables which facilitate the calculation of 
the almanac. It has been compiled by the astronomer Makaranda himself. 
In the beginning he observes, 

Translation ;— Makaranda, who is delight incarnate, has, by his preceptor's 
favour, compiled this work containing tables for calculating Tithi etc., on the 
basis of the Surya Siddhanta for the use of the world. 

It shows that this work was compiled on the basis of the Surya Siddhanta 
and that the author was a resident of varanasi. The ending moments of 
tithis etc., given in ghatis andpala's, when calculated according to this work, 
are found true chiefly for varanasi. The Surya Siddhanta referred to in this, 
proves to be the modern Surya-Siddhanta from the theory. It is stated in 
the version printed at Varanasi that the work had adopted Saka 1400 as the 
epochal year. There is no other internal evidence in support of this assertion, 
nor does the author find any external evidence. There is, however, no reason 
to doubt its authenticity. Diwakar wrote a commentary on this work named 
Makarandavivarana about Saka 1540. The ending moments of tithis etc., 
and places of all planets are obtained very easily with the help of this work. 
The author does not describe the system for want of space. In many parts 
of Northern India, like Gwalior and Varanasi, almanacs are compiled with 
the help of this work everi at present, and th^ese are used by the local population. 
This work is printed in Varanasi. The theory underlying these tables has been 
explained by Gokulnath Daivajnya in Saka 1688, and it has also been printed. 

The author of Makaranda has recommended a correction for the Surya 
Siddhanta, which has been mentioned already. 

KESAVA 

Ganesa Daivajnya, the author of Grahalaghava, has written a commentary 
on 'Vivahavrindavana' which is a work by Kesava. The work, 'Karana- 
kanthirava', was, according to Ganesa also compiled by the same Kesava. 
This must have been a karana work but it could not be procured anywhere. 
This Kesava was an Audicya Brahmana of BharaHvaja Gotra. The names 
of his forefathers, beginning from his father in ascending order, were Ra/mga, 
Sriyaditya and Janardana. This Kesava must have lived earlier than the 
Kesava, the father of Ganesa, the author of Grahalaghava. Nirnayamrta, 
a commentary on Pitambara's Vivahapatala, written in Saka 1446, refers to 'the 
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Vivahavrinddvana. It appears from this that the date of this Kesava could 
not have been later than Saka 1400. The work, Vivahavrindavana is well 
known and.it is at present available in a printed form. According to the 
Aufrecht's Catalogue, there is another commentary on the work written by 
Kalyanavarma 

KESAVA (II) 

He was the father of Ganesa Daivajnya, the famous author, of Grahalaghava. 
He was himself a very great scholar. According to the well-known saying, 
'Desire success on all fronts, but desire a defeat from the disciple/ it was 
very creditable to Kesava that Ganesa Daivajnya surpassed him in the matter 
of planetary calculations. It is evident that his son could not have possessed 
so much ability, if Kesava had hot been a learned man himself. He has to 
his credit a Karana work named Graha Kautuka, and the Saka year 1418 has 
been adopted as the commencing year in it. From this* he appears to have 
lived about that date. In the work Muhurtatatva, he remarks at the end, 

^#5RT«TW^^X5r: ^ra: |l 

Translation .'—This is for "Kesava, who hails fropi Nandigrama, who is 
the son of Kamalakara, who always worships the feet of his preceptor 
Vaijanatha and who is the leader of astronomers " 

While commenting on this verse, his son, Ganesa Daivajnya observes "From 
Nandigrama , a well known village, situated on the eastern shore of the Western 
sea, of which he was a resident". From this, his father's name appears to be 
Kamalakara, who was also an eminent astronomer. KeSava got his lessons 
from Vaijanatha and he was the resident of Nandigrama on the sea coast in 
Konkan, This is, at present, a village, in the Janjeera State and is known as 
Nandgaon. It lies about 40 miles to the south of Bombay. His gotra, as 
staftedin the account given by Ganesa Daivajnya, was Kausika, and the name 
of Kesava's wife was Laksmi, The family account of Kesava and Ganesa 
is found in their other works also. 

His works. 

The works compiled by Kesava have been enumerated by Ganesa Daivajnya 
in the commentary on Muhurtatatva as follows :<— 

Translation .-—"Kesava compiled the following works :— (1) Grahakautuka, 
with its commentary, the planetary work called 'Grahacalana,' the 'Tithisiddhi', 
the Jitaka paddhati with its commentary ; the Tartiyapaddhati along with the 
commentary ; the Siddhanta Path containing the arguments and entitled 
'Muhurtatatva' : the religious practices of the Kayasthas. 
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Ganesa Daivajnya again writes in the same commentary, 

Translation :— I, Kesava, describes the following works :— [the same list 
of works as above, with the addition of (1) The definitions of eight kinds of 
Kunda (2) Gata nibandha]. Tnis prose extract is quiie clear. The works 
Jatakapaddhati and Tajikapaddhati referred to in this, are at present well 
known. They are jointly known as the "Kesavi" and many Jyotisls '(astro- 
logers) use them. Both the works have been printed.. The Muhurtatatva is 
also printed. The work Muhurta Martanda written in Saka 1493 near Devagiri 
(Daulatabad) mentions the Jatakapaddhati of Kesava, and a reference to 
Muhurtatatva is found in Ranganatha's commentary on the Surya-dddhanta 
written at Varanasi in Saka 1525. It shows that these works were extensively 
used in pur country very soon after Kesava. 

OBSERVATIONS < 

Kesava' s works on mathematical astronomy appear to have received a 
setback because of the works written By his son ; but Kesava's rank is very 
high among astronomers in respect, of observations. Our country has pro- 
duced very few astronomers of equal ability. In the 'Mitaksara', his own 
commentary o'rf Grahakautaka, he observes. 

^JI^^fKT^^Tfq tf^WJ ^pq^^TC 3&TOT ¥&$ I *T^ arT^T 

;rsm^iVr s?#s^ t Tsnrmr «rf^r: s^sttot %?m i ...TO sfcrat 

m^rRHt ^ *&fti ¥&$ TO ^|^i% w^RR ^r^nro i . . .to w^ctc *ro^: %m%- 
j^^TO^^TOT^Tf^TO^m ' ^tto^to ?TOTfTO?TO*rT4*iC*rcrTftr 

^prffa I *TfT ^t^TspTO'TT'rm 5pr^ ^n^pT^TpT fTtffa I ... TO TOT 
^S^twf^«TR tf^rf^Wr^W^fTOT ^JT>TOT^fFRr I rm <E3*T <TC*P^T- 

?f^m I ^r % : ^to^to^s^ \^ 1 ^ ^wwif«ra t # 

TO>€t>TTOT: * tril *$tt: I ap# ^T ^§fTO^^TO^>rT^TOTf^T#^TTO^T- 

TOJftro sTrror: i <rTOHf tfrro*fT wT^^rsaTf^jft ^^r: i *T^r %v: i anrsn*^ 

W. I ^rfN": TOmTCTW'rfW <?.«: I TO' ^^TTO^TTO^ft^T *TTO*rTT 

^ I rf<TO ^r ii 

Translation .—The figures as calculated from Brahma, Aryabhata and 
Saura Siddhantas exhibit a vast difference in the positions of Mercury and 
Venus. Saturn shows an excess of five degrees, when actually seen in the sJcy 
at the time of its conjunction with stars and planets and while setting and 
rising. . . ., similarly, a difference is recorded in epochal positions and m me 

' DGO/69 10 . 
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annual rates of motions. This difference will become very great as time will 
elapse, since the Brahma and other Siddhantas themselves show a great dis- 
crepancy in the numbers, of revolutions and the number of seven days etc 
Much greater difference will occur after the lapse of a long time. . . . Hence 
the future calculators should calculate planetary places, by adopting the figures 
of revolutions increased or decreased in conformity with the actual observed 
phenomena of the conjunction, rising and setting of stars and planets in their 
own time. Otherwise, short karana works should be compiled by adjusting 
the epochal positions true for the moment in question. The writer has 
accordingly found out the mean place of the moon, instead of its maximum 
equation of centre, by reversed steps, from the observation of the lunar eclipse? 
at the ending moment of the full moon, since, the equation of centre is neither 
positive nor negative. The moon's apogee was finally fixed by reversing the 
. steps of calculation, after observing the eclipse at the moment of the full moon 
in the celestial globe of observation, since the maximum correction would 
neither be plus nor minus. The moon's place was found to be 5 minutes 
less as compared with that calculated from the Surya Siddhanta. The apogee 
agreed with that of the Brahmapaksa. The sun's place showed a small dis- 
crepancy in the case of all 'paksas' ; hence, the writer accepted that belonging 
to Saurapaksa. Places of other planets were fixed after actually observing 
their positions at the time of their conjunctions with stars and planets. Here 
the writer has taken the Mars and Jupitar as derived from the Brahma Siddhanta 
and Mercury's place from Brahmapaksa. Venus was taken as occupying the 
mean position between the Arya and Brahmapaksa. The Saturn was seen to 
exceed the position given by the three paksas by five degrees. Thus the writer 
has calculated the places of planets by a short method after observing their 
actual places at the present time. 

The writer has not found such a detailed account of results of observations 
personally taken by any other astronomer and recorded in his own work. 
As a matter of fact he inclined to think that there never lived another astronomer 
like Kesava, except the author of the original Surya Siddhanta, Aryabhata I, 
Brahmagupta and the astronomers living in the time of king Bhoja. If he had 
recorded the day on which the observations were taken and what were the 
planetary positions found from observation, the record would have been very 
useful. But it is a matter of regret that tradition never induced the astronomers 
in our country to record such an account in their own works. 

The writer found from calculation that he has adopted in his work, Graha-* 
kautuka, such epochal positions and annual motions as agreed with his 
observations. 

Kesava has himself written a commentary on the Graha Kautuka and the 
Jatakapaddhati. 

GAtfESA DAIVAJftYA 

He was a very famous astronomer. The astronomical works of no other 
astronomer are in use all over India at present as those of Ganesa Daivajfiya. 

His father's name was Kesava, mother's name Laksmi, Kausika his gotra 
a nd Nandgaon, on the western sea-coast, his place of residence. These facts 
havlready been stated above. 
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Visvanatha, in his commentary " Visvanath!" on Gralia Laghava, .observes , 
"the works which Ganesa Daivajnya, my preceptor compiled, have been enu- 
merated by his nephew, the astronomer Nrsimha, in two verses in his commentary 
on Grahalaghava. "They are :— 

His Works 

«ra»rorrra*<WWT: " 

Translation :— Ganesa Daivajnya appears to have compiled the following 
works :-The Grahala £ hava, the Lagh-;t:thi C^~a?i the Bnh-^thi- 
cintamani, the Siddhantasiromanitika, the Lllavatitika, the Vivahavrnda 
vanatika, the Muhurtatatva'tika, the SraddhanirUaya, the Candornayatika, 
the tarjaniyantra, the Krsnastammirnaya, the Holikanirnaya, the Laghu- 
payapata (i.e. a table for calculating Mahapata), etc. 

Even Ganesa has himself mentioned the names of some of his works in 
his work, Vivdhavrndavanatika. They are, 

Translation :— (Not necessary) 

This list mentions the additional work, Parvanirnaya It is not that these 
works have been mentioned in their chronological order. Sixths Grahalaghava 
appears to have been compiled first. In this work, Saka 1442 has been adopted 
as the epochal year for planetary calculation. At this time he must have been 
at least 20/22 years of age. In other words his date of birth may have _been 
about Saka 1420, The work Laghucintamani was written in Saka 1447 and 
the Lllavatitika in Saka 1467. The Patasarani shows that it was compiled 
some time after Saka 1460. The author has seen a printed Edition ot Vrnda- 
vanatika and it has mentioned its date of compilation m a curious way. it is 
given thus :— 

The Dates 

Sift TOT * ^fTte* T^M* R\ *R *& t^f: H ? II 

<t&: *rrsft ^ sfc *w> *nz ^tmm 3 *Rroftsf«r: w% i i 

* (Samvatsara Ayana Yoga Naksatra Paksa Week day Tithi Month x21+9== le00. 
12th +lrt +19th +23rd +lst +3rd +leb +lltb) 
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Translation: — "Take 12 as the number for the samvatsara (hayan). Add 
one (lava) for 'ayana' to it* Add 6 to the sum of these two numbers (i.e. 12+ 1% 
so as to obtain (19) as the number of Yoga. Add 4 to the sum which would 
give 23 as the number of naksatras.and one (lava) for the paksa. If, a pak§a 
is added to one more paksa (i.e. 1+2) it would give 3 as the number denoting 
the week day. Take 1 as the tithi number and 11 as the month number. 
Multiply the sum of all these numbers by 21 and increase the product by 9* 
(nanda). The result is the Saka number". 

From this^we learn that the commentary was completed on Magha Suklar 
Pratipadaof Saka 1500, Bahudhanya Samvatsara, during Uttarayana, Dhani* 
stha, being the naksatra and Parigha, the yoga. The calculation for the first 
lunar day of the bright half of Magha, in Saka 1500, shows that it agrees 
with the given day of the week* naksatra and yoga. If this was nearly the 
time of the compilation of the Vivahavrndavanatika. the author, must have 
been about 80 years old. Even it be supposed that he compiled the Grahala* 
ghava at the age of 16, his age still comes to be 75 years. This is not an 
impossibility. The author however, found a manusript copy of the Vivahavrn- 
davanatika with Raghunatha Jos! at the authors' birth place, the village oF-' 
Murud in Dapoli taluka in Konkan, which mentions the date of compilation inU 
the simple line, "Rasanagamanutulye saka Ananda var?e" "meaning", in the 
saka 1476, named, "Ananda Samvatsara". This appears to be reliable. The 
verse "hayariarka etc '." must have been written by some one else. 

GRAHALAGHAVA 

The Grahaietghava has adopted Saka 1442 as the epochal year. *The positions ] 
have been given true for the moment of sunrise of Monday, the New Moon, 
day of the Phalguna of Saka 1441 (i.e. the 19th March, 1520 A.D.): ihey 
are as fallows :— 

Planet i 

^ 8 O / 

Sun- • • • • i • • 1119 41 , 

Moon ..;•....... H 19 6 

Moon's Apogee • • • • • * • * , 5 17 33 

Moon's node • • * . ■ . "" • • 27 38 

Mars • • • • ' " • • ' ■ - * • 10 7 8 

Mercury (mean commutation)* , • • • •8 2933 

Jupiter * • . j . . * ' • 7 2 16 

Venus (mean commutation) • • ■ • ; 7 20 9 

Saturn • • • 9 15 21 

*The ** meao commutation *' means the distance of the mean planet from the mean Sun, 
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Gapesa Daivajnya states how the planets would agree with the positions 
calculated from ancient works :— < 

Translation .—(not necessary, since the sense is given in the following para). 
The^ places calculated for Sunrise on Monday, the New Moon day of Phalguna 
of Saka 1441, according to the instructions given above agree completely. 
That is, calculated from the modern Surya Siddhanta, the places of the Sun, 
and the Moon's apogee and that of the moon diminished by 9 minutes would 
agree with the positions given above. Calculated from the Karanaprakasa of 
the Aryapaksa, the places of 'Jupiter, Mars, the Moons' node and that of Saturn 
increased by 5 \ would agree with the positions mentioned above* The anomaly 
of Mercury agrees with that calculated from the Karanakutuhala of Brahma- 
paksa; and the anomalies of Venus, as calculated from Karanaprakasa and 
Karanakutuhala agree with the above position when added up and halved. 
Ganesa has, however, left out seconds of arc in all the position and increased 
or decreased the minutes in some cases ; hence, in certain cases, there is some 
discrepancy as far as minutes of arc are concerned. While calculating the 
places mentioned above, the ahargana for Karanaprakasa comes to 156334 
and that for Karanakutuhala to 123113*. It is obvious how very laborious 
it would be to make calculations with these figures of ahargana. GaneSa 
has advocated the method of calculating planets* places from the ahargana 
itself ; but he has employed a device by which the ahargana figure is not allowed 
to increase too much. He has assumed a cycle of the ahargana of 4016 days, 
since this happens to be the approximate number of days in the period of H 
years; and the planet's mean motion during this period is termed the "dhruva\ 
The application of this motion** gives the mean place. The ahargana never 
exceeds the number 4016 because of this device. 

His Speciality 

Another speciality of the Grahaldghava is that it has done away with the 
use of sines and arcs. Inspite of this there is absolutely no harm in saying 
that this work gives results by no means less accurate than those obtained 
from any -of the earlier Karana* works. Modern English works give tables 
of sines not only for each degree, but even for each minute of arc ; and some 
works are so compiled that they give the sines of even seconds of arc. Our 
works give sines of angles of3f degrees and their multiples. Thus , the number 
of tabular sines is 24 ; but the karana works generally give only 9 (at an interval 
of 10°) or even less. Even though the Grahalaghava has not used the sines, 
the method of finding the sun's true places, as adopted by Grahalaghava, 

* No commentator has pointed out just as the author has done, the particular works 
/froru which the different planetary places have been derived by Ganesa Daivajnya. 

** The period of 11 years gives a variable number of days ; and the. author has so adopted 
the device that the error corresponding to this variation would not escape,. The explement 
of the planet's motion in the cycle is given; if this explement subtracted from the epochal 
position and the motion for the ahargana added to the remainder, the mean position of the 
lanet for the given moment. 
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gives a value even more accurate than that obtained from other Karana works . 
making use of sines ; not only this, but in some cases it gives more accurate- 
values than those Siddhanta works which contain the values for 24 tabular 
sines. Ganesa has been on the whole, very keen on seeing that the calculations 
at all stages would be easily done. 

It is true that because of this, certain results turn out to be somewhat 
approximate, but the other karana works also do not fare any better in this, 
respect. In the conclusion Ganesa remarks. 

Translation : — (not necessary, since the sense is given in the next para). 

The purport of these verses is "Earlier and more advanced astronomers- 
did their calculation work without chords and sines only in very rare cases, 
and still they boasted *on that account, why then should not the writer (Gao_e$a> 
feel proud like them, since he effected the whole calculation of the Siddhanta. 
work without sines and arcs ? But he ought not to boast because he obtained . 
this knowledge only from their works. ,Ganesa is right in claiming that he- 
incorporated in the Grahalaghava every subject dealt within the Siddhantas, 
and that is why, the Grahalaghava came to be known as "Siddhantarahasya'.'' 
A number of Karana-works have been found and many of them treat the 
method of finding the true places of planets only. There are only three or 
four works like the KaraV>a-Kutuhala which help in calculating most of the 
items metnioned in the Siddhanta' s but none of them is as complete and ex- 
haustive as the Grahalaghava. A commentary on this work was compiled 
by Gangadhara in Saka 1508 by Mallari in Saka, 1524 and by Visvanatha 
about Saka 1534. There are also some more commentaries on it. The author- 
got at BarsI a copy of the Grahalaghava written in Saka 1605. It shows that 
the Grahalaghava very soon came into extensive use, in the country^ At 
present, they~make calculations from the Grahalaghava alone in Maharastra^ 
Gujerat and many parts of Karnatak. This very work * * is used by the Deccanis^ 
at Varanasi, Gwalior and Indore. This work appears to be in use in other 
provinces also. As the methods of calculation in this work are very simple 
and satisfy the needs of Siddhanta work, they very soon came into extensive- 
use everywhere and it was also natural that they eclipsed the earlier Karana 
works. 

PLANETARY CORRECTIONS 

* 

The following table will show how the places of planets, true for the begin- 
ning of Saka 1442, and calculated from the Grahalaghava, are compared with 



* In the' Adhikara (Section) on Three Problems in his Karana Kutuhals, Bhaakaracarya* 
pbservBs. 

"5% ?5f ^^^W^r^Tf fcRT gf^m it ^ 1 1'\ 

" thie calculation of shaddow (chaya udynti) has been effected without the help of sines and 
arcs *\ , 

** The Government Almanacs published at Indore and Gwalior are calculated with th« 
helf of the Grahalaghava and the Tithi Cintamani, and are used practically ev^ry where in the- 
two States. The Grahalaghava almanac is used in the major part of Hyderabad Deccan State.. 
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those calculated from the European works, the basis of comparison being 
theirr elation to the Sun. 

Planet » » 

Sun * * • • • ... .. . 00 

Moon . . 2 

Moon's apogee • « • • • . . • +1 55 

Moon's node • . . . . . . . q jy 

Mars ■ _|_0 41 

Mercury's feghrocca -f8 21 

Jupiter . ■ . . . +0 58 

Venus's &Ighrocca -4-1 22 

Saturn ' • +1 29 

It appears from this that Mercury's place is very erroneous. The places of 
Venus, Saturn ard Moon's apogee show a discrepancy of 1° to 2°. Others 
show a difference within 1°. The Moon's place is remarkably correct. The 
place of the Moon's node is, not very erroneous. Ganesa's father, Kesava, has 
already mentioned in the account of his work, about his claims that he ascer- 
tained the place of the Moon and Rahu from the Solar eclipse. It appears 
that there is such a serious discrepancy in Mercury's place, because. Mercury 
is not easily observable as it is visible only for a few days in the year. Another 
fact that must be remembered is that the above errors occur in the mean places 
of planets. But only the true places of planets are found by actual observation. 
While considering Bentley's method, it has already been shown on page 30 , 
that the discrepancy in the actual places of planets at the time of the Graha- 
laghava might have been much less* It has been shown later on in almanacs 
what is the extent of error seen at present while calculating figures from the 
Grahalaghava. 

Ganesa observes that the places of planets calculated from certain works 
tally with their observed places on application of certain corrections ; accor- 
dingly he has suggested a correction of 5° for Saturn's place, which is very 
excessive. Similarly he has proposed a correction of some minutes of arc 
m the case of other planets also. It is quite obvious, therefore, put forwarded 
the names of ancient works only by way of nominal support while recording 
the actual positions of planets in his own time. 

KeSava, Ganesa's father had almost prepared the ground for applyirg 
corrections to old works by taking observations, as he had noticed discrepancies 
in the planets' places obtaired from the earlier works, and he compiled the 
Graha Kautuka accordingly; Ganesa observes in Laghu Cintamani that he 
finally corrected the planets after observing the loopholes still left in that work. 
A comparison of Graha Kautuka and Grahalaghava would confirm this state- 
ment. In the Chapter on the risings and settings, in Grahalaghava, b^ 
remarks :~ 00. 
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Translation .:.— (not necessary) 

In this he says that it was his experience that the moments of risings and 
settings of Venus are found to be true when the Mlamsas mentioned by earlier 
astronomers are diminished by two. All these things go to prove that ne was 
himself an observer. One of the legends that has become quite current about 
him, says that it was not necessary for him to look to the ground, while walking, 
because his feet had got eyes. This is of course, an impossibility. Still it goes 
to show that his attention was always directed to the sky while walking. Another 
legend says that he was always found to be gazing at the sky while sitting on 
huge slabs of stone on the seashore. This was quite possible. Many such 
slabs are found on the sea coast in Kankan and it is very convenient to take l 
observations while sitting in such quiet places. 

Calibre 

Ganesa was perhaps able to produce a work like the Grahalaghava which 
proved more accurate in the light of observation than Graha Kautuka, because, 
his own experience was coupled with that of his father ; and although the 
methods described in Graha Kautuka are, in some cases, more convenient 
than those of Grahalaghava, still, in certain other matters, the Grahalaghava 
is found to be more convenient; Hence, Graha Kautuka may have gone 
out of use giving place to Grahalaghava. Considering all things I am inclined 
to think that his father was more competent than Ganesa himself. However, 
looking only to the utility of the works the Grahalaghava is certainly superior 
because the experience of both father and son have been combined in that 
work. 

The Grahalaghava contains chapters on the following 14 subjects:— 
(1) Mean places (2) True places (3) Places of five planets (4) Three problems 
(5) Lunar Eclipse (6) Solar Eclipse (7) "Masaganagrahana" (8) Approximate 
places of planets (9) Risings and settings (10) Shadow (11) Shadow of stars 
(12) Elevation of Moon's Cusps (13) Conjunctions of planets (14) Mahapata. 
They contain respectively 16, 10, 17, 26, 13, 13, 1% 8, 25, 6, 12, 4, 4 and 14 
verses in different metres and 187 verses in all. At present only these 14 
chapters are widely known. But the commentaries of Mallari and Viswanatha 
contain a 15th Chapter of 15 verses entitled 'PancangagrahanaV Since the 
14 chapters already include 4 chapters devoted to eclipses, this must have beea 
considered superfluous and allowed to be lost. Ganesa appears to have 
purposely sacrified accuracy in certain cases because of his tendency to simplify 
calculations and hence, he has added two more chapters on eclipses (7th ana* 
8th) even when 2 chapters out of 14 had been devoted to the eclipses of the 
sun and the moon. The addition was altogether redundant. Grahalaghava 
appears to also have undergone certain changes in its different versions. In 
the copy of the Grahalaghava written in Saka 1605, which the author got at 
Barsi the 15th Chapter had been omitted while the chapter on 'Paficatara 
contained 3 more verses which discuss some points about planets' risings andr 
settings. These verses are not found in Vigwanatha's commentary. Some 
verses show variations in readings. Again the VisWanathi commentary 
contains some verses which are not found in the copy 'of the Grahalaghava 
. printed by Krsnasastri Godbole. A verse describing the method of calculating 
the moon's latitude accurately is given in the Viswanathi commentary and also 
in Kjsna Sastrl's edition, but it was not found in the copy obtained by author 
at Barsi. Different copies of the work give the sequence of certain verses in 
differert ways. It is found at present in the chapter on 'naksatrachaya' a 



verse, attributed by ViSvanatha to Nfsimha, nephew of Gaiyesa, but i*;i^not 
to be found in the Barsi-copv. Anyway, even though there are soipe variations 
liere and there, they have not given rise to any perversion so far as the author s 
original raetnods are concerned. 

Other works 

Among other works of Ganesa that are useful for the calculator of the 
almanac, Brhatcintamani and Laghucintamani are particularly noteworthy, 
Thev are helpful in quickly calculating figures for tithi, naksatra, and yoga. 
If tithi and other items of the almanac (paiicanga) were to be jcalculated by 
actually finding the true places of the sun and moon from the Grahalaghayg* 
they would require unremitting labour for six months. If the tables prepared 
for calculating the mean and true positions of the sun and the moor) are utilized, 
even then one would take according to the author's estimate, about 24 days, 
of ceaseless labour. But the work' Laghucintamani expedites the 9alculations A 
to such an extent that the tithis, naksatras and yogas could be calculated only 
in three days. The work can be finished still more quickly if the Brhatcintamani 
is used. And inspite of this economy of labour, it is found by compansor 
that the difference in ghatipalas as obtained from Tithicintamanr and those 
calculated direct with the help of Grahalaghava, never exceeds 30 palas. I 
do not propose to describe the nature and scope of Tithi Cintamam tor 
want of space. No such work was compiled by any one before Ganessj 
Daivajnya. The work entitled "Makaranda which has already been described 
Ijefore (page 127 ), helps quick calculations ; but its method is somewhat 
different, and its date is Saka)1400, still, Ganesa may not have even seen it 
at all. Hence, there is no harm in giving full credit for originality to the 
•.author of the Grahalaghava or having produced a work like the Tithi cintamm 
which is so very useful in calculation and which reduces "ones labour to the 
^barest minimum. 

Impeachment 

Kero Laksmana Chatre has accused Ganesa Daivajnya in ■ the following 
works :-"He' simplified calculations by employing easy, devices,. ... .but, 
ibecavse of this, the results became approximate to that extent and this laid 

the foundatior of future erroneous methods Another result has t>een 

........that the traoition of studying the Siddhanta works ard of taking 

.observations disappeared and the astronomers are deprived of the knowledge t 
•of the -basic astronomical ■theory**. There art also some otters who accuse 
the author of the Grahalaghava in the same way. But while considering 
. Ganesa Daivajnya s work, it is no use accusing him for his approximate results 
by comparing his work with the modern European works It should ?e 
considered wnat could be the best possible achievement with the means avail- 
able in his time. Keropant Nana and other crities do not seem to have con- 
sidered this aspect of the question because there had been no means so tar tor 
judging the question whether earlier authors of Karanaworks could secure 
greater accuracy than Ganesa or what original work was- done oy him witti 
regard to the taking of observations. If the value of his work from this point 

*Keropant has, in his tables of Planetary Calculations, described the method J* «Jputar 

_ ting tithi which is exactly the same as that giver lin Ganesa's TithiCtntfiinani. The uncter 

lying theory has not been explained. But the author has, explainer . in an art e]e m me 

issue of the Indian Antiquary for April 1887, the theory underlying every step ot the 

method together with an illustrative example. 

"""Introduction to Keropant's Planetary Tables, P-2. 
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of view be estimated there would be absolutely no room left for accusing 
Ganesa Daivajnya. Again, if less laborious methods yield the same results as 
the extremely laborious calculations gave from Siddhanta works, why should 
not such methods be accepted ? There is no harm in saying that Ganesa 
was not at all inferior to earlier astronomers in securing accuracy of results for 
any problem even while attempting to simplify the work of calculatior . Again 
it will be seen from the relation which the author has so far traced between all* 
the yddhanta and karana works, that Keropant was wrong in accussing Ganesa 
of having laid the foundation of erroneous methods. If he means to say 
that the length of the year (adopted by Ganesa) was inaccurate, the error bad 
persisted from the very beginning. The author thinks that there were very 
few astronomers among the predecessors of Ganesa in whom ingenuity and 
perseverance were so happily blended. 

I He was undoubtedly superior to Bhaskaracarya in the matter of observations.. 

Now-a-days the tradition of studying the Siddhanta works is almost lost. Not 
to speak of the Siddhanta works, one comes across very few astronomers who 
have thoroughly studied at least the Grahalaghava in its entirety. But this is 
not the fault of Ganesa's works. Later history will show that he was succeeded 
by many more astronomers who understood the secrets of the Siddhanta works, 
who themselves compiled the Siddhanta works and who, were also observers,. 
GaneSa himself has written a commentary on Siddhanta Siromani and Lilavati. 
"As regards compiling a work on theory, the work was already done by Bhas- 
karacarya. It is of course true that he was not attracted to make new dis- 
cov eries of the kind made in Europe in his time, but it is not proper to blame* 
Ganesa Daivajnya on that account, for the zest for knowledge was, wanirg, 
among the people at large and, for several other reasons, the love of research 1 
had very nearly vanished. 

Commentaries 

There is a commentary on the Grahalaghava written in Saka 1508 by 
Gangadhara^ of the Tapar Village. Mallari Daivajnya wrote tiis commentary 
in the year Saka 1524. It contains the astronomical theory. The VisvanathF 
commentary belongs to Saka 1534/ It contains illustrative examples. The 
commentary is also known as 4 Udaharana\ The last two of these commen- 
taries are printed. Calculations are seldom made from the Brhat Cintamani 
because it contains too many tables ; for this purpose of calculation people 
prefer the Laghu Cintamani which is printed. It is full of figures and the 
errors in these figures which have . been accumulating for generaticns have 
now grown to an enormous extent. Most of the tables have been corrected. 
There is a commentary, Subodhini by name, written on Brhat Cintamani by 
Vi§nu Daivajna, which expands the theory. Cintamani Kanti, a commentary 
on the Laghucintamani, is written by Yajnesvara, an astronomer. It contains 
the theory. The commentaries on the Muhurtatatva and the Vivahavrndavana 
have been printed.* Tarjaniyantra is a work meant to be used for ascertaining 
time. It is also called the Pratoda yantra ; it is commented upon by Sakharama. 
There is another commentary by Gopinatha, a resident of Samgamesvar. The- 
name of Gopinatha's father was Bhairava and that of his grandfather was 
Rama, This work will be further dealt with in the chapter on instruments. 

There are two other Ganesas, different from the author of the: 
Grahalaghava ; one of them is the author of the Tajak Bhusana? and the other of 
the Jatakalamkara* 
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A legend 

This account of the author of the Grahtilaghava will be closed recounting a. 
legend after about him. Kesava, his father, once predicted the moment of an 
eclipse. The king of the country, who was a yavana~ somewhat ridiculed him,, 
as the prediction did not come true. Kesava was very much grieved over this.. 
He/therefore, started a penance in the temple of Ganapatl at Nandigrama. He 
had grown old at that time. Looking to his sad plight and firm devotion - 
Ganapatl told him in a dream that he (Kesava) would no longer be able to- 
continue the work of observing and rectifying the positions of planets and that, 
Ganapatl would therefore himself come to birth as his son to do the work for 
him. Accordingly, a son was born to him, who was named Ganesa. People 
at present regard him as an incarnation of God. Two more stories about 
him have already been told. All such stories indicate the reverence for him 
on the part of the people. If once an intelligent person comes to be regarded 
as divine incarnation, the feeling grows strong that his achievement can never 
be equalled and this very feeling has been mainly responsible for the absence of 
discoveries in our country. 

His Descendants 

It appears that many of the descendants of Kesava and Ganesa were also 
scholars. Ananta, Ganesa's younger brother v wrote a commentary on Varaha 
Mihira's Laghujataka, in 'Jaya' Samvatsara (Saka 1456), and Ananta claims that 
it is shorter and easier than that of Utpala. Ananta had been guided in his 
studies by his brother Ganesa. It appears from the VisvanathI commentary 
that there was a commentary on Grahalaghava by Nrsimha, Ganesa's nephew, 
but it could not be procured any where. Ganesa had a son named KeSava, 
whose son Ganesa wrote Siromaniprakasa, a^ commentary on the Siddhdnta. 
Siromani. It may have been written about Saka 1520. A later descendant 
in his family, namely KeSava, son of Rudra, compiled a work entitled Lagna- 
kala Pradipa, in Saka 1629, the name of the samvatsara being Sarvajit. 

KALPADRUMA KARANA 

A reference to this Karanawork occurs in the commentary on the Karan 
Kutuhala, written in Saka 1482. The commentary shows that the Kalpa 
drama Karana was compiled by an astronomer, named Ramacandra, and that 
he has mentioned a correction to be applied to the Karana Kutuhala. The 
figures, indicating corrections known as 'Ramabija' which have been mentioned 
in the works of Dinkara and Srinatha to be described later on, are different from 
those mentioned by this commentator., From this it appears that the Rama- 
corrections mentioned in the works of Dinkara and Srinatha must have been 
different. 

LAKSMIDASA— (Saka 1422) 

He wrote a commentary, known as Ganitaiatvacintamani, on the Ganita- 
dhyaya and Goladhyaya of Bhaskara's Siddhanta giromani. It contains &500 
verses, and gives theory and illustrative examples. His gotra was Upamanyu ;. 
Vacaspatimisra, the name of his father; and Kesava, that of his grandfather. 
The Saka figure of 1422, adopted by him for the main example, has been taken 
by him as 'current'. The solved example on eclipse refers to the Kali elapsed 
year 4599 (i.e. Saka 1420). The reasons which led him to compile the com- 
mentary have been described by him in the following verse : — 
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Rama (of Bharadvaj gotra) 

■i 

Nilkantha 

,1 
Visiiu 

' i 

Nilkantha 

I 
Naganatha 

i 

Nrsimha 



Translation : — 

With a view to plea* the scholars, being instructed by Naganatha, requested 
by Devanatha, by Urvidhara, the younger brother and by all well wishers, 
the writer is making efforts to explain the Siddhaiitasiromam. 

L.aksmidasa appears to have been a good poet. 

JNANARAJA— (Saka 1425) 
GENEALOGY 

Jnanaraja was born in a famous 
family of learned men, which can boast of 
an unbroken tradition of scholar even to 
this day. A learned gentleman, from Bid 
in the Nizam State, and Kasinatha Sastri 
by name, once met the author at Barsi in 
Saka 1807. The author had taken notes of 
the brief history of his family which was 
told by Sastri. Finding that it agreed 
with the family history of Jnanaraja,, he 
requested him by a letter recently (Saka 
1817) for further information. He sent ■ 
him some additional information and the 
genealogical tree. The genealogical table 
given in the margin has been prepared 
by th3 author on the basis of this 
information, and the note on Jnanaraja in 
the 'Aufrecht' catalogue, and also on the 
basis of the information so far gathered by. 
him The names of only the first five 
ancestors of the family have been given 
from the Aufrecht's table. Even on this 
point the cross-references at three places 
in the catalogue showed some contra- 
diction. The author has noted the names 
which seemed most consistent with the 
context. The first man, Rama, noted 
in the list has been pointed out m the 
Aufrecht Catalogue as flourishing at the 
court of Kins Rama of Deogin. In the 
genealosical "table, sent by Kasinatha 
Sastri, the name of Nrsimha's father has 
been stated to be DaivajRaraja and the 
list begins from that name. It appears 
that Naganatha or some earlier ancestor 
of the family might have received the 
title of Daivajnyaraja. The family history 
recorded below will show that m the 
list of ancestors sent by Kasinatha Sastn, 
there must have been a break after Surya 
or before Gopala. 



Naganatha Dhundhirajaf 

I i 

Jnanaraja Ganesa 



Surya 
Naganatha 
Gopala (Jnanaraja) 

J 
Ramchandra 

I 
Vijnaneswara 

i 

Purusottama 

Kasinatha 



Cintamani 
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PLACE 

According to the Aufrecht catalogue, Rama was a resident of Parthapur.. 
Sum PandfX wrote Arnrta K»pika,a commentary on Bhaskara's Lilavati, 
has^described his father and grandfather in it. He observes, 

TTKSM^r tff^r wttrrt fs*Fmff<jft: i \\ u 

Translation '—"Parthapur, a village situated on the northern bank of river 
Godavar about 2 miles away from the confluence of the Godavan and the 
VMarbhi there lived a Brahmana astronomer, named Naganatha, belongmg 
to Bharadvaj Gotra." 

In the comentary on Bhaskara's <BIjk' he observes :— 

^^tt^^5 «frrnm«nfim: ii 

Translation :-(not necessary, since it Carries the same sense as the above 
verses). • 

We find at present, a village named Pathari near the north coast of Godavari 

We nna ai pr^iu, a ■ & p a -;t a na. This is the same as parthapur. It is 

^uf 85 m^eHo tie S E of Deo^ r (Daulatabad). The river Vidarbha was 

tfco r.nrlnvari Kamalakara Daivajnya says while describing Patnan ^ee noie on 

surrounding Pathari. as Vidarbha country. 

Date 

The epochal positions which Jnanaraja has given in ^his work > Jiddhama 
SiinHara are true for Saka 1425. This was evidently his date. Assuming ju 
y^rffS'eS^rSon, the date of Rama, the first ancestor *<%gM% 
table comes to about Saka 1215, and it agrees with that oi king Kama or 
Deogiri. 

Yartramala and 'Rituvarnana'. It ^^ n \«^^ y ^: a ^ s 2 /i e T ui^ 
i± wre* The Adhvava -on 'ganita' (mathematics) contains tne iouowmg 
AdMkdras -Mean pE, ?rue ptaces, three problems, probability of eclipse , 
£.ar eclipse, S eclipse ; risings and settings of planets, shadow of stars, 
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-elevation of Moon's cusps; planetary conjunctions and Mahapata. They 
contain 89, 48, 43, 7, 40, 16, 19, 20, 18, 10 and 11 verses respectively. The 
Siddhanta Sundara has a commejitary compiled by Cintamani, the son of 
Jfianaraja ; and a reference at one place in it indicates that the Sundara Siddha- 
nta contained algebra also ; but the author has not seen it. Sudhakara *Dvivedi 
says that it resembles the portion on 'bijachaya' by Bhaskara, and that the 
aphorism "sarupake varnakrtitu yatra" meaning 'has been refuted, in it*. 

The Siddhanta Sundara, follows the modern Surya Siddhanta. Like a 
karana work, it gives the epochal positions of planets and annual rates of 
motion for finding the planets' places. The epochal positions are true for 
Saka 1425. The moment for which they are true is not mentioned. But 
the author has found from actual calculation that they have been calculated 
for the moment of 56 ghatis 39 palas after sunrise on Thursday, the 8th lunar 
day of the bright half of Asvin in that year. These positions and the rate of 
yearly motion of the planets, completely follow the modern Surya Siddhanta. 
The epochal positions appear to have* been given for an odd moment. But 
the mean longitude of the Sun in it is 6 B 0° 14' 17", which shows that it is true 
for a moment exactly 15 ghatis after the mean Libra Ingress. From this, 
his object seems to give the positions for 15 ghatis after the mean Libra Ingress. 
A correction to planetary places has been mentioned in the chapter on mean 
places'. 

^ra^rara^r \*o o o ffcpRf q^^ t ^a^ *n^wtc*Rr " 

tf^fa: 3 II *\ II 

Translation : — 

A correction for the modern Suryasiddhdnta has been mentioned before 
page 45 ) ; this is 30 times that correction ; otherwise it is the same as that 
one in all respects. The correction to be applied to the Sun according to the 
figures given on page 45 comes to 6'only. This is negligibly small. Damodara's 
correction, as mentioned by Jfianaraja in the case of the sun, for the above 
mentioned year comes to 3'. This appears to be a more probable correction- 
figure. If the reading 'bhagadi' given in the 7th verse of the chapter on 
'Bijopanayana' in Suryasiddhanta, be changed to 'Rasyadi', the correction 
mentioned therein would exactly agree with that given by Damodara. The 
reading 'bhagadi' seems to be the copyist's error, and one is led to infer that 
the correction given in the Surya-Siddhanta ( page 45 ) owes its origin to 
Damodara himself. The annual correction to be applied to the sun's place, 
as mentioned by Damodara, comes to +1/25". This reduces the length of the 
solar year by 2V26 pr .-6 pp * (vipalas etc.) that is, the length of the year, 365 d -15* h - 
31 p -31 vp .-24 p » becomes 365"-J5 gh -31 p -28 v -57 pT -54 vpv . The account of one 
Damodara who lived about the Saka year 1339 has been given before, on page 
125, and he must be the same as this very Damodara. 

Jfianaraja does not appear to have mentioned the ayanamsas of his time. 
He has simply explained the term 'ayanamsa' as the difference between the sun's 

•Sudhakara Dvivedi, teacher of Mathematios at the Sanskrit College, Varanasi wrote a 
book entitled, Qartaha TarapginI, in Sanskrit in Saka 1814 has been printed. See page 66 of 
the book. The book contains an aooount of astronomers. 
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position calculated from the shadow cast by^ the noon sun and that obtained 
from calculation' based on a Karana work. The annual rate of equinoSS 
motion has been said to be 1'. He has also given the method of finding 
ayanamsa as described m the Surya-Siddhanta. The rate of annual motiol 
when calculated by it comes to 54". uon 

Jnanaraja, after mentioning the opinion of the Srutis and Puranas about 
the increase and decrease of the moon's digits, observes, in the chapter on the 
elevation of the moon's cusps :— 

Translation : — 

* 

T TI if s "»'s ra ys themselves are known in the Vedas as Gods. Thev 

gradually add the objects to "nd ™-"' ♦*-«« <>— f » *t._ ^^, : "7, 1 - f i 

and dark half of the month.' 7 J —^ "" a ' aQ mo °* m ** britf* 

The Sundara-Siddhanta gives nothing new as established by observation 

TWh? P t lanatl °^ S ? f the , 0ry ,' h °T ever ' are Cerent from those of Bhaskam! 
The chapter on Yantramala describes one new instrument. There is notarm^ 

ritleTug^ests W ° Siddhanta - Su «<*araison the whole beautiful as the" 

Other Works 

T« 5 SQry - a 5 aS r . ecord ? d in his com mentary on Bhaskara's Bijaganita that 
Jnanaraja has, m addition to the Siddhanta, written a work, on fach of The 
following subjects ; astrology, rhetoric and music. 

Account of Descendants 

riJ^^fS 11 ? ° f *** teceafoitia Phundhiraja, Ganesa andSQrya has been 
given for each separately, later on. It has been already mentioned before, 
that Cintamam wrote a commentary on Sundara-Siddhanta. Here the 

of iSSH? a ?- accannt 1 .°I ?° me of the «mamng descendants on the basis 
of the information supplied by Kasinatha gastrl. It is not known when Sis 

&«*? fr + ° m .? at ^ r L t0 Bid for Permanent residence BM Ta place 
nf n wSS? t0 , £ e ^- S ' W - of PatharI > and a ^out 60 miles to the South 
a co^fel^ an4 5 °a ^ eS t0 th ? SE ' of Pait * na ' Naganatha has compiled 
Prak^S^ named Na l apatl J a y acar ya. Purusottama has written Kesavi 
»«!v£! aand V ar § a samgraha, two works devoted to astrology and written 
Ram^LT* 6ntltled « *? atta - Kutul *l a - He writes in the Kesavi Prakala that 
ITI scloTar W ^? r ^ Cientm thC SC i enCe ° f astrol °gy a » d that Vijnanesvara 
Ba?i Lo tLc p^S jammer and astronomy, and was honoured by king 

&rYh s tmti^ ?t° ^ S "? ?* Pe * wa ^ aka 1717 t0 1739 )- Kalinahl 
is the hiSSt S? M ? £ •/ M ^ 0lar of logic > 8™mer and astronomy. He 
State Ke Ik era l Bld - He is very much honoured in the Hyderabad 
w? r , been n °n° ur ed by the Sankaracarya of Hamoi Viruoaksa 
SSlS n K- ed - ° n , him ^ e title ° f Siiri C^mani^He hafSpiie^ h?SS 

S^2Srt^7 y ?°A. ai 5? ,S Cngaged itt writin S the woric &* »eVi BhagavS 
Curnika, of which he has compiled five chapters. 
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' Surya (Birth Saka 1430) 

He was the son of Jnanaraja, the author of Siddhanta-Sundara He ha* 
ue was inc. =>uu y T>u 5 ct- qra 'c 'Biia' in which, he has called himself 

written a '^^^^S^^^^^^^ * at he wrote the 
Suryadasa and the work Surya mica ^ ^ year 

commentary inS.kal46U max nr n co ^ menta contain9 250 verses. 

?T* 1° nfices le has given his name simply as "Surya". He has written 
^^^^Z^-KHpika on Bhaskara's Llavati. It belongs .to , 

% £ ^? The theory in it has been explained by numerical quantities, 
Saka 1463.. lhe meory in i f ^ interpretatlons 

and regar ^he^rkL ^vati^apoej^ . g^^ ^ 

"Lsr^haTe^e^^^ 
written by him. They are :— 

LiHvati Tika Biia Tika, SYipatipaddhatiganita, Bijaganita, Tiyikagran^ 

feSS'of^^ AS applies «» , 

Rama and the other to Knoa. 

r-„i»h,-nnk e 'writes "He (Suryadasa) was the author of a complete commen- 
Colebrooke writes Me tau y i ^^ ^ Calculatlon u?d er 

Kerf S*T S almpilation under the name of SiMa»£ 
f^-Sar-Sa.uccaya in wfnch he makes a me ton of £s ™„tary 

Soned earlier, and also the following additional works .- 

rrflha vinoda Kavi Kalpalata Tika, a commentary on Bhagavadrta 

Jtotte^Sw^ Bha&isata ; vedanta Sata Sloki Tika and a commen- 

tary on Amaru Sataka, named Snngara Tarangini. 

n« th^ whole it seems that Surya had been a very great scholar. He 

was fulW JoSSta speaking of himself in his ganitamrtakup.ka as 'a wor hy 

^flot onthe ocean of mathematics, an expert in prosody, *«™^£ ™^. 

and can adopt in high-class literature.' In the work Gamtamrta Kupifca 

he makes the following statement about himsell :— . 

"Aham Suryabhidhanah Kavih swhpradnyaparinamatah Lilavatim 

vyakhyatum vihitadarosmi". _ 

" ♦Miscellaneous Essavs, 2nd edition, Vol. II, p. 251. I *™^£fgg£ to ° §,£ UN. 
ofColebrooke's statement, that Suryadassa's commentary on ^^^^^ge wa& 
But that is a mistake. I got the correct information, about Suryadasa aiwr wia* p» B 
printed. The Saka should be 1463. 
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Translation:— , 

"I, Suryadasa, have ventured to write > a l commc ntary on Lilavati, on the 
strength of the intellectual power possessed by me." He further adds, 

<^^ qfq^N^ft*^ star f*r*w ^refr^^t 1 1 

At the beginning of his commentary of Bija, he remarks. 

s^ffcwrcTHSRi (?) stonswf^ 

Z & fa^T^FPPJT sffeTtTOsf m MR M 
Still, at the end he observes, 

It appears from this that though he ^^^^f^J^B^"' 
Jnanaraja, his work was mainly th* outcome of his own intellectual wealth. 

Ananta— 1447 

He compiled 'Anantasudharasa', a work on the calculation of ^ the »£«***£ 
in Saka 1447. It follows the Suryasiddhdnta. Ananta remarks m me 
beginning. 

From this, the name of his father appears to be, Srikanta The author , 
has not seen the work himself. He has stated this from (the f/°"™*°* 
given in) the Ganakatarangini by Sudhakara. Sudhakara says that it was a 
work consisting of tables and that, Narayana was the author of Muhurta 
martanda, his father's name was Ananta, and Atlanta's fathers^ njn*TO» 
Hari (see the account of Gangadhara, Saka 1502, given %^> ™ t ™5?™! 
the name of the father of this Ananta, also is an epithet of Han, and the dates 
of both of them appear to agree. From this, he (Ananta) seems to .have been 
the father of the author of Muhurta Martanda. But there is J}™™*^ 
Sudharasakaranacasaka, on Ananta's 'Sudharasa', by^undhiraja and accord- 
ing to Aufrecht's catalogue, a part of this work called grahanodaya is in the 
library of the Sanskrit Pathasala at varanasi. 

From this it appears that this is a karana work, containing tables useful 
for Pancanga calculation. An account of the family occurs at 2 or 3 places 
in the works compited by Narayana, the author of Muhurtamartanda , and 
ty Gangadhara, his son (Page 150. It is mentioned every where that Han 
» the name of Ananta's father and not Srikanta They give ™"*™f?™J~ 
about Ananta but nothing about his works. This leads the author to doubt 
»f this Ananta was really the father of the author of Muhurtamartanda. 
1DGO/69 U 
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« 

PHUWHIRAJA 

From the family history given by him in his work, Jatakabharana, and 
by his son Ganesa in his work Tajikabhusana', it becomes evident that he 
was the resident of Parthapur (Pathari), situated to the north of Godavari, 
near Devagiri (Daulatabad). He has stated Nrsimha to be his father's name* 
The author has, on the basis of the genealogical table sent by Kasinatha Sastri, 
recorded him as the son of one Nrsimha whose name appears in the genealogical 
tree, printed on page 140 in his account of Jnanaraja. From this, phundhiraja 
would be the uncle of Jnanaraja, the author of the Sundara Siddhdnta. But 
Phundhiraja has offered salutations to the preceptor JnSnaraja at the beginning 
of his" work Jatakabharana. This leads one to suspect that Jnanaraja, his 
preceptor, might have been different from the author of Siddhanta sundara, 
orjelse, IDhundhiraja might have been the son of some other Nrsimha of the same 
family. * phundhiraja has written a commentary 'Sudharasakaranacasaka', 
on Sudharasa, a karana work, b% Ananta ; similarly, according to Aufrecht 
Catalogue, the works, Grahalaghava-Udaharana, Graha-phalopapatti, Pancdn- 
gaphala, and Kundakalpalatd, were compiled by him. If this phundhiraja 
be the same person as phupdhiraja, the author of the Jatakabharana, his date 
must have been later than Saka 1447. Visvanatha (Saka 1551) has referred* 
to the Tajikabhusana by Ganesa, son of the author of the Jatakabharana. It 
follows from this that the date of compilation of the Jatakabharana must 
have been earlier than Saka 1500**. 

Phundhiraja's work Jatakabharana, is very famous and it is now printed. 
It appears from the Jatakabharana that l^hundhiraja's uncle compiled a work 
on astrology. The nam e of this uncle and that ol his work are not known. 
Gane$a*s work, Tajikabhusana, is also well known. It is recorded in Aufrdchfs 
Catalogue that GaneSa had another work, Ganita Manjarf to his credit. 



*Vifivanatha-rema*rkg in his commentary on the Tajika NUakanthl that the' statement 

of the author of TdjikabMaria viz. "JanmakalanalinI "is wrong ; and this view 

is correct. 

**Further information was received from Kasinatha Sastri after 272 pages of the book word 
printed. Its summary is given below ! — 

-. *'PhxmdbirfJ£; carried on bis studies under the care of Jnanaraja himself. The Saka years , 
of birth and death of the descendants, beginning from Surya are as* follows : — 
Siirya 1429-1510 ; Naganatha 1480-1537 ; Gopala 1545-90 ; Jnanaraja, bitrh year 
1595; Rama's death 1731; VijnaneSvara 1712-1769 ; Purusottama. 1748- 1799; 
Kasinatha, birth year, 1768. Naganatha the son of Surya had received the title 
'Rarjasura' from the Delhi Court, He compiled the work, entitled *Narapati- 
jayacarya/ Kasinatha Sastri received the title Suricudamani in Saka 1813 
"Instances are fcomd in wlvjch the uncle is younger than the nephew; and 
hence it is not impossible that Dhundbiraja studied under the care of Jnanaraja 
and in that case the date of compilation of Jatakabharana would come to 
somewhere between &aka 1430 and 1460 and that of Tajikabhusaria Saka 1480. 
Naganatha whose name written below that of Surya in the genealogical table 
was Surya *s son; Gopalaand Jnanaraja are different persons, and there night 
have been one person each between Naganatha and Gopala and Gopala and 
Jnanaraja (Otherwise, their date may be wrong). The author' is not quite sure 
that the above-mentioned Saka years are quite reliable. But in the absence 
of the correct dates he has notedthem here for what they are 'worth. Naganatha 
■■ may have received the title of 'R anas fira' in the reign of Akbar or Jehangir. 
There is an ancient work, entitles Narapatijayaoarya, written in Saka 1097 
and hence, I have presumed that Nagnatha wrote a commentary on 
Narapatijayacarya, but it is not known if Naganatha had actually written an 
independent work of the samg title. 
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Ananta 

Ananta wrote a commentary on 'Rdmadhenu\ a work devoted to the 
calculation of tit hi and other parts of the almanac ; and Ananta has written 
a commentary on it. The work, Kamadhenu, was compiled in £aka 1279 
by Mahadeva, son of Bopadeva, a -resident of Tryambaka on the bank of 
Godavari, It contains tables for calculating tithis etc. according to Brahma- 
paksa and Aryapaksa, The sons of this Ananta namely Nllkantha and 
Rama, compiled works in {Saka 1509 and 1512 respectively. From this, 
the date of Ananta's commentary on Kamadhenu comes to about Saka 1480 # 
The Jatakapaddhati is an astrological work written by Ananta*. 

Family History 

Rama, the son of Ananta has recorded his family history in the conclusion 
of his work, Muhurta Cinlamani, as follows : — 



The author is giving his genealogical table below on the basis of, this 
account an4 from the History given by his descendants in their works* His 
gotra was Gargya. He was a resident of Dharmapuri, f in Bidarbha, in the 
valley of the Godavari, Ananta left the place for Varanasi where he resided. 
His descendants also used to reside at Varanasi. 

Cintamani (Gargya Gotra) 

Ananta (Padma his wife) 

Nilkan^ha (Candrika his wife) Saka 1509 Rama, 

C§aka-1512, 1522) 



Govinda (Gomatl his wife) 
Birth Saka 1491 

Madhava 
Saka (1555) 



* The author has not seen Ananta J s works but he has described his work on the basis of the 
accounts given by his descendants and the Gannaka Tarangi^l by Sudhakara. 

11A 
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History of Descendants 

From the account given by Rama and Nilkantha, Cintamani appears 
to have been an astronomer and a great scholar. Ananta's account has 
already been given above. 

The name of Nilkantha's mother was Padma. He has compiled a work 

entitled Todardnanda. Descriptions of this work occur in other works, from 

which it appears that the work contained all the three branches of astronomy* 

Ganitaj Muhurta and Hora : and even Madhava, the grandson of Nilkantha 

has supported this surmise. The author of piyusadhara (commentary) writes 

that it treats the risings and settingsof planets in the chapter Candravaravilasa 

and deals with Nyunadhimasa (suppressed and intercalary months) in 

the chapter called Kalasuddhisaukhya. The author has seen a part of the 

book (No. 5088 in the Anandasrama) ; which contained only the section on 

Muhurta. It contains a large collection of excerpts from earlier writers. 

The number of verses in the portion seen by him is about 1000 ; it contains 

a chapter on pilgrimage only and that too is incomplete. It appears, therefore., 

that the work must have been very voluminous. It may have received the 

name Todarananda after Todarmalla, the minister of Akbar L Nilkantha 

was a great follower of Mimansa and a scholar of Sdmkhya Sastra and as 

. described by his son Govinda, was Panditendra, (the leader of Pandits) at 

the court of Emperor Akbar. Nilkantha compiled a" work Samatantra y 

(Var§atantra), on Tajik which is also known as Tdika Nilkdnthi. The work 

is very famous and has been published along with different commentaries. 

Nilkantha compiled it in Saka 1509. Visvanatha has written a commentary 

on it with examples. It belongs to Saka 1557. The Aufrecht catalogue 

mentions the following additional commentaries on it : — 

The Dwighatika, another by Laksmlpati and the third entitled the Sriphala 
cardhini by Sfi Har§a. Other commentaries have been described below. 
Nilkantha has compiled a Jatakapaddfiati, which contains 60 verses. Accord- 
ding to the author of the Ganakatarangini,tlie system (embodied in this work) is 
well known in the pro vine of Mithila. According to Aufrecht Catalogue* 
Nilkantha has compiled the following astronomical and astrological works :- — 

Tithi Ratnamdld ; a work on Horary astrology entitled Prasna Kaumudi or 

Jyotisa Kaumudi ; Daivajna vallabhya and a commentary or Jaimini Sutra 

called Subodhini. From the same catalogue it appears that Nilkantha 

- also wrote commentaries on Graha Kautuka, Graha Laghava, Makaranda 

and on a Muhurta work. 

The account of Rama will follow later. Govinda, Nilkantha's son, has 
written Piyu§adhara, a commentary on Muhurtacintamani. It is very extensive 
and famous. He compiled it at Varanasi. In that work he states that Matrprav 
in Vidarbha, was his place of residence. Perhaps, Dharmapur 
itself may have Matapur as its second name. Govinda was born in Saka 
1491. His mother's name was Candrika. He wrote the commentary, 
Piyusadhara, in Saka 1525. He also wrote the commentary, Rasala, on 
Tajika Nilkanthi. It was written in Saka 1544. The commentary, Piyusa- 
dhara, reveals great ingenuity on the part of Govinda. But while in his 
commentary on the 9th verse in the chapter on Samkranti, he observes, 
"Eclipses are falsified if one follow the Sayana system of calculation. A 
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lunar eclipse occurred on the Full Moon day of Vaisakha in Saka 1516, but 
it is not obtained by sayana calculation." This shows that he did not _ possess 
a profound knowledge of mathematics. In this attempt to show that the 
lunar eclipse was not predictable, he calculated the sayana place of the Moon 
only, but he did not understand that the occurrence of the eclipse will be 
evident when the place of Rahu also is found on sayana basis. 

Govinda's son Madhava has written on Nilkanthi a commentary known 
as "SiSubodhini Samavivekavrtti." It contains examples also. It belongs 
to Saka 1555 and was compiled at Varanasi. Madhava has stated that his 
father Govinda, the author of the commentary Piyusadhara, was honoured 
by Emperor Jehangir. 

The above description will show that this family has produced a good 
many learned scholars. 

RAGHUNATHA (Saka 1484). 

Subodha Manjari, a Karana work by Rafghunatha may be seen in the Deccan 
College Library (No. 217 of 1883-4 A.D.) The epochal year of the work 
is Saka 1484. It follows the Brahmapaksa. The planets' places are calculated 
in it from ahargana. The ayanamsa has been assumed to be zero in Saka 
444. 

RAGHUNATHA (Saka 1487). 

Raghunatha, son of Soma Bhatta, wrote a karana work Ma^ipradlpa, 
in Saka 1487. He has remarked that "he was briefly describing the planets 
according to Siirya's views (i.e. according to the Saura Paksa), after consulting 
all works by Bhaskaracarya." There is nothing remarkable in this work._ 
The author has not seen it. These comments are based on the Ganakatarangini 
of Sudhakara. 

KRPARAMA 

." He has written commentaries with illustrative examples on Bijaganita, 
Makaranda and yantra Cintamani; He has also written commentaries on 
the Sarvartha Cintamani, the Panca Paksi and, the Muhurtatatva, and .there 
is also a work, Vastu Candrika, written by him. This information has been 
collected from the Aufrecht's catalogue. The date of Muhurtatatva by 
Kesava is about Saka 1420. So the date of Krparama must be some year 
later than Saka 1420. 

DINAKARA 

The author has seen his two works, Khetaka Siddhi and Cwdrarki, in the 
Deccan College collection (Nos. 303, and 308 of 1882-83). He remarks 
in the Khetaka Siddhi :— 

fofe it ^ 11 

The epochal positions are given for the mean Aries Ingress of Saka 1500- 
These positions and the motions (of planets) are in conformity with those 
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computed jfjeom Brahma Sfcd^anfcfe .tQgfgiqr wi%the corrections^ n^tionetf 
by' the JRdjarnfga/lka. Tim woi* deso-jb^s only ^'^i^h^/pxi'^^^.'ibip 
tfjie pjac^ of $U$ej&'. Tnp tbtat numpef of verses 0n it) is 46. Jt appears. 
t$tat i t^V 1 works use$ >tp/ be accompanied J?y tables ; but they, were not foun<| 
ia tfe^ c^)j seed by the author. But one cannot do any calculation witj^ujt 
SueM tables/ 'The 1 writetv calls tins work Xpghu Khejaka Si&dhi which indicates 
that he may have wrmen another work called Brhat Khefaka tfidOhi. Sb'me^ 
versesat&ibftited; to Dinakara are given in the commentary on the Aiahcidevi 
Saruni* but they are not found in this work. This also lends support to the 
surmise about the existence of a larger work. The writer has given his -idw« 
account in the words. 

<T?T55ft f^FT: m*nfe ^fs^q%5>Tr ^ ft S^flWfr II 

.. ; - .. : :■; . .■■ ' .,- ' I-'"- - ' '■'- > ' ' _ ■;'/'''■■ 

The Candmrki consists W only 33" verses and deals only with the calculation 
of the true places of the sun and moon. 

This work also takes 3aka 1500 as its epochal year. It appears that the 
work may have been accompanied by tables! giving the equation of centre 
for finding the true place of the sun and njoon ; and then these are to be used 
for f ealciu|ating titnl and other parte. From, this it appears that the Laghu 
CintankHt tabled of '&^$a"Darvajfrya were^^ use in Gujerat in those; 

days/ •'■"-; •■■■/ iTj 'f Mr ' . -.;■ ;*• *>• . .■■-■ . * 

A cortectio^ stated to be in use ii Gujerat is mentioned in ootji the works. 
The same correction is found also in the Graha Cintamani to" be described 
(on page 151 ) later, ancj 19 |he coi^ientary on the Mahadevi Sarunt 

at some places, it is called 'RamaBfja*. 






j^ftG^D&A&A (&ka 1508) 



anta In Sakai 1508 he wrote Manor ama^ a commentary on Graha 

Laghava. 8$ wap the son of Narayanan the author of Mufeflfta 

Jwr,s^a ^4artan<Ui. ^ ; gepeajogteal table, givj&in the marginals, 

based on the information given by both the authors. The? 

Hari Muhurta Mdrtanda, was compiled in Saka 1493, and the author 

has given in it his family history. From this it is learnt that 

Ananta he was a Vajasaneyi Brahmana belongingto Kausika gotra^ 

He" was a resident of Tapar, a village simated to the north. 

Narayana of the famous temple of ^iva (Ghr§neM^ra) Vfhl* lies to ; tlie 
north of Devagiri (Daulatabad), and his ancestors wetfe originally 

Gangadhara residents of Sasamanur/ Tnere is a village^ Verul, sitaated 
about 4 miles from t>aulatabad, and the deity tiiere is at present 
known as GhrsneSvara. Janardana Hari Atalye has published 
the MuMrta Mdrtanda along with its MarathI translation. 
He writes in its introduction that, on enquiry at the village 
Japar and ^.neighbourhood, he came to know tlpt the deseen- 
. 4ants r of the family of his meternal uncle onfy are now surviving; 
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He has written a karana work entitled Ramavincda. 1 1 has adopte^ Saka 
1512 as th6 epochal year» and the length of the year, the epochal positions ami 
motions of planets, are i>ased on the modern $urya Siddhanta. The corrections 
to be applied to planets' motions are the same as those mentioned before 
mage 45) Under-orders o f Sri Maharaja Ramadasa,-a minister of Akbar, 
Rama Bhata compiled* the Ramavinqda in year 35 of the Akbar era 35 (/.*.. 
galivahana'Saka 1512). It contains II chapters and 280 vefses. Visvanatha 
has written an illustrative eommentary on it. Rama has compiled a small 
volume of tables devoted to the calculation of tithi's etc., containing 17 verses, 
which form a part of the work ; and Sudfaakara Dwivedi says, that people on 
Jaipur side compile their almanacs with the help of this work. 

His well-known work Muhurta Gintainani was written in £ska 1522. It 
was compiled at Varanasi. lie author himself has written a ccnmcntaiy on it 
entitled Tramitaksara. In addition to this there is the ftmous tcnmentaiy, 
Piynsadhara, on it; written by his nephew Gcvinda. Both these cc jr mentaries 
have been printed. 

His family history has already been given (page 147 ) under the account 
of Ananta. 

SRlMTHA (Saka 1512) 

He wrote a Kararia work, named Graha Cintatmani in ^aka 1512. It 
describes the method of calculating planets' places from ' Var§agana\ > 1 he wcik 
appears to have been accompanied by tables. They were not found along with 
the copy seen (fteccan College Collection No. 304 of 1SS2-83). The work i* 
of no use without them. The work neither gives any epochal positions nor 
any clue to ascertain the school (paksa) to which it belongs. The work has two 
chapters and even includes the section on astrology. The name ol Srmatha s 
father, was Rama** and that of his elder brother, Raghunatha. 

■ ' . visnu . ■ ■ 

' There is a wefrkncrira village named Pathart in Bidarbha. "It has already 
been described on page 141. There is a village Golagrama," neai- the northern 
bank of the river Godavari and 2\ yojanas (about 20 miles) to its west. A Very 
well-known fam% of scholars lived in that village. •! he family -shifted to 
Varanasi later on. It produced a number of authors and Visftu was-ofte 
of them. 

He compiled a Karana woifc. It has adopted Saka 1530 as the epochal year } 
it belongs to Saurapaksa. He has in addition written a commentary nam%a 
SubodhM on the Brhat Cintamani 6pGanesa Daivajnya, the ai*tiaor of ihe Graha 
Laghaw. It explains the theory also. The study of such cemme»tar*es proves 
very useful for the compilers of new works on astronomy. His brother Visva<- 
natha has written an '|jdaharana' on his Karana work* In his Muhurta 
cudamani, Siva informs that Visnu was the 'Jagatgura' (world tsachef). la 

* According to Dr. BhSitdarkar (Report on the starch fdr Sanskrit Manuscript 1883-84, 
• ^age 81) it was compiled m 6aka 1535 ; but that is an error. 

**Prof. Bhandarkar remarks that this Rama may probably be the same as Rama, tb* 
author of Muhurta Cintamani (Report on the search for Sanskrit Manuscript 1,882-83, page 88). 
But the account of Rama, the author of the Mvkurta Cintamani , given above, will show that 
it is an impossibility. 
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addition to this, some more account of the author will be found in the following 
verses by Visvanatha. 

The famous commentator Visvanatha, and Kamalakara, the author of 
Siddhanta tattva were born in this very family. The following verses appear in 
a detailed account of his family given by Kamalakara :— 

sr«rT5r *rTsrfaT^r R * i 3 ° ^^4<Hhi+<feT ^ sfsroiw 1 1 
»fi^mfWW^n(n^ff«f i*f ^ qf ^fTdfcr n^i it ^ it 

. <fsf sr zrTT# q^qfajflW "iff ^T^T^T m 3T 1 1 * i I 

fWt i|Fti€ ^fa srfsrst ti*ft ^rsm^rT^i^: 1 1 vs 1 1 

C\ & 'O 

Translation ; — 

(1) On the northern bank of Godavari is situated the fortified town called 
Devagirl, whose latitude is 20°-30\ 

(2) The city of Pathari, which is 16 yojanas from this town and in SJ& 
direction is the capital of Vidarbha and is situated in the middle of the country. 

(3) At a place, a littLe West to this city and about 2£ yojanas away, is a spot 
on the bank of the Godavari, where the river Ganges is regarded to have come 
to stay with the request of Gautama. 

(4) On the northern side of this river there is a village named 'GoF and on 
the southern side is a village named Purusottama, the river flows between th$ 
two. 

(7) There lived in the village of Gol, on the northern bank of Godavari, a 
Maharastrian Brahma na, named Rama belonging to Bharadwaja gotra. 

(8) His son, Bhattacarya became very famous as a scholar of astronomy 
and he (Bhattacarya) got a son, Divakara, by the favour of God GaneSa 
whom he used to worship. \ 

Rama was an astronomer ; Bhattacarya wa s a follower of 'MimamsS 
and a logiciar. Divakara was a great astronomer and a disciple of Gane&a 
Daivajnay, the author of the Graha laghava. Such is the information that orti 
can gather from the family history writter by Visvanatha, Nrsimha, MalM 
and other descendants of his family. 

Divakara had five sons. Visvar atha has paid a fine tribute to their erudi- 
tion and character in his commentary on Tajika Nilkanthi. VisvanathI 
himself was the yourgest of the five. The description runs thus :— 
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q^J^TT WTf^T^T?^ 'falf'4'IWMT f55PF*fuTT ^ II 3 II 

3f5rf?r c 3 ^"ptt*ct 5TO§^i ^»fa*£PTi 1 1 

^5JTT^^^f*rf^^'M^T T^T^t 11*11 
are cTT5q«Rr5R^m «Prfa f^r^T^T#f%^RWT II % II 

^TTft5r^>n^^Tri|§5T tf^frwmr <miPht<(i ii \» u 

^^rt^rfWr^TT^ ^ff%^r: ^Tf^RRT^f^r: II * n 

Summarized translation* : — 

(2) Divakara came to be regarded as an authority in astronomy, and was, 
like the 'diwakara' (sun) who envelopes the whole universe with his rays, described 
the construction of the universe by compiling various astronomical works. 

(3) He had five sons, who were like five Indras in the subject of astronomy, 
or like five lions defeating the opponents or like five sacred fires on account of 
their pious behaviour. 

(4) He gave birth to Krsna, the eldest of the fives who became famous 
^because of his faultless knowledge. * 

(5) The next son born, was Visnu, who had attained such superiority of 
intellect, that his disciples, along with their disciples, could defeat their oppo- 
nents in discussions on astronomical topics. 

(6) The next son, Mallari, became very famous because of his knowledge of 
.arithmetic, algebra and mensuration. 

(7) His younger brother, named Kesava, was still superior in so far as he 
compiled siddhanta works. 

(8) His younger brother Visvanatha, who got his education from Nrsimha, 
became a scholar of all sastras including astrology and astronomy. 

* In tranelating these verses, the author) has omitted the translation of various len 8*y 
poetic epithets need for the astronomer* simply for the sake of composition, since theae n»Te 
a«tbing to do with the history of astronomy. 
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The following verses by Kamalakara which follow those given above 
state the history of this family as follows :— 

Translation : — „ 

(9 & 10) This talented Divakara had a famous son, the astronomer 
SVikrsna, who, in his turn gave birth to a son, Nrsimha, who was well versed lit 
the knowledge of the 'sphere' and honoured by astronomers. 

(10) He compiled a commentary on the &ircfmani,r and one on the Surya 
siddhanta and a work explaining the sphere and motions of planets. (1 1 to 14> 
His (second) son Kamalakara who got his learning from his learned elder brother 
Divakara, who was his preceptor* in the astrology, compiled the above 
mentioned works qn astronomy, including the new theory of spherical areas. 
This work was inte&ded to be a standard work*- explaining all theories abpitt 
'gol and siddhanta and was named 'Siddhanta, tattvaviveka'. He compiled 
this siddhanta work in the Saka year 1580, at Varanasi which is situated on the 
northern bank of the river Bhagirathi (Ganges). , 

The genealogical table prepared from this descriptidn and other rafor* 
mation, is given below : — 

Rama (A Maharastra Brahmanm of Bharadvaj gotra and Taittiriya Bcpich). 

I ' * '- " ■ ^ : 1. ^ l 

Bhattacarya 

" r Divakara , 



Krsna Visnu Mallari = Kesava Visvanatha: 



Nrstma "><' Siva 

(Birth Saka 1508) 



Divakara Kamalakara Gopi'natha Ranganatha 

(Birth Saka 1528) 



*Siddhanta Tattvaviveka, pago 407/8, printed at Varanasi by Sudhakira DvivedT, 



•vt • t.„ *u* «*« nf Krsna has written in his commentary on the Surya. 
c aa^I? tL t Krsna the ddesffon of Divakara compiled a wofk on algebra 
?^A&Sf The Muhurta qudamani,* work fer Jfefo* Siva, 
fnd "the io^fDivTara/ Ws ^aSson, go to show that he (Krsna) was * 
Sfr hat Sad received honourslt the king's court and that he wrote works 

•Jjffir fences also According to Aufrecht Catalogue, Kesava, a son of 
Svaka'a XceofNriha, compiled a work entitled Wmammala' 
? i&I AD ffakaW) He appears to be Kesava of this very family as the 
m J e su^es?s' bufms dSe does notagree with the established dates- of Mallari 
^VSh A deiription of other persons of this family has been given 



further on 



lurtner on. •..*«- 

Mallari has stated that his family deity was UaMrl .In his «»^uyoiL 
<5- ^trwritten in ^aka 1543, Nrslmha states that Div^kara died at Varanasi. 
S ^CK discSe^f Ganesa'Daivajfiya, and from this it seems that he 
He ^^. d ^2^i3 i rS .bout &i»-15GB. 1 he works compiled by 
must bave^been m South lwk* m §gt *«»«£ VaranastFrom 

SL iTSSS that toSed t^S« Varanasi within 25 to ». year, 
£ t!R 1500 None of them seems to have received actual patronage at 



mallari 



Mallari was born in the famous family described by Vign above. Heha^ 
writtenlS^meiary on fthe Grah^ava, He has described .a it the date of 
this commentary in a strange way, thus :*# 

^ r ,- „ • t>,p astronomer Bala 'wrote this commentary in the &ika 
Translation -The ^ ^nomer, *aia ^ ^ 

reducedby5a^dividedby3ri.,.^^^^ V 49 - 7, The n%ksa*a 

was equaltothempathplusS^m. /^^^^if £ 5 
nak§atra teduced by 10, hence 2 or Monday ; the lunar day was me, isi anf*. 

Paksa wast£elst" , „., * a« ,**,««»*.«- 

Vrnm this it is proved that an astronomer named Bala, wrote this comme n~ 

it aerees witji that of his brother Visvanatha. 

Vallari has explained the theory of Grahalaghava ir the ^aeiOm. Xte 

they accompanished the work with great success. _ _. 



* 1524 +7+1+1+ 2+ 12^1547 d 

fiaka+m©nth+tithi+p*k$a+<tey of the week+aakgatra. 



1 56 Histoby of Indian Astronomy 

VISVANATHA 

He was a commentator like Bhatotpala. He was the son of Divakara of 
Colagrama. His family history can be found from the account given by Visnu. 
He has recorded the date of his commentary on Tajakarflkanthi, as below : — 

SR^m 5T^3 SW tifm ^FT ^TfOTf^TT^T II 

Translation : — 

"This was completed by Visvanatha on the 5tb luaarday of the bright half 
of Margasirsa in the year 1551 of the era of king Salviahana." 

The author has seen a number of commentaries on the Nilkanthi, in many 
of these the above verse was missing ; it was found only in a few commentaries. 
It is an instance of how our people are indiffierent in the matter of specifying the 
dates of the compilation of their works. There is absolutely no doubt about this 
Saka. It authentically becomes evident from the references at other places in the 
commentary. Visvantaha has written commentaries, consisting of illustrative 
examples, on several works like the Suryasiddhdnta. For the main example in 
them he has adopted Saka 1534 as the year, but has incidentally also, taken Saka 
years 1530, 1532, 1542 and 1555. In the commentary on 'PatasaranT, he has 
adopted Saka 1553 as the year for his example. In the Kesavi-jataka-paddhati, 
lie has adopted for his example Saka 1508. The birth horoscopes are cast with 
the help of the Jatakapaddhati. It would appear that Saka 1508 may have been 
the date of birth of Visvanatha and he appears to have compiled his works 
between the Saka years 1534-56. In a line from his commentary on Grahala- 
ghava, (already given on page 131) he calls Ganesa Daivajfiya his preceptor, but 
it is simply a matter of formality. It is like the remark by Dhanaraja, the 
•commentator of theM ahddevi Sarini } who in his commetary written in Saka 1557, 
-calls Mahadeva his preceptor, even though the Mahddevi Sarini was compiled 
in Saka 1238. 

Krsna sastrl Godbole has given in the Grahalaghava three verses at the end 
TVhich state that, in order to ensure agreement with observation, Visvanatha has 
mentioned a correction to it 211 years after it was compiled. This means that 
the date of Visvanatha comes to Saka 1653. But it is quite evident from his 
family history and his works that the date of Visvanatha, the commentator of 
the Grahalaghava, must be in the 16th century and not the 17th. The author 
lias seen several editions of Visvanatha's commentary on Grahalaghava, but 
they do not contain these three verses. Visvanatha, referred to in them, must be* 
a different person. Visvanatha Davajnya Sangamesvarkara, the son of Gopala 
compiled a work entitled Vrataraja at Varanasi in saka 1658. The above three 
verses may have been compiled by this Visnanatha. 

HIS WORKS 

Visvanatha has written the following commentaries containing examples:— 

(1) The Gahanartha Prakasikd Tlka on the Surya Siddhanta. In this, Visva- 
natha writes, I am elucidating the Surya Siddhanta, the commentary by 
Nrsimna may be consulted for its theory". Nrsimha wrote his 'Saurabhasya- 
commentary m Saka 1533. From this it is evident that Visvanatha wrote his 
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Udaharana on the Surya Siddhanta after that date. The number of verses in 
it is 5000. (2) Siddhantasiromani* (3) Karana Kutiihala (4) Makaranda (5> 
Grahalaghava (6) Patasarani by Ganesa Daivajfiya (7) Anantasudharasa* (8) 
Rama Vinodakarana* (9) the Karana work by his brother Visnu* (10) Kesavl 
Jatakapaddhati (11) Samatantraprak&sika on Tajaka-Nilkanthi. This belongs 
to 6aka 1551. The Aufrecht's Catalogue has mentioned the following addition al 
commentaries on :— (12) Somasiddhanta (13) Tithi Cintamani (14) Candrama- 
natantra (15) Brhajj&taka (16) Sripatipaddhati (17) Vasisthasamhita (18) Brha- 
tsamhita. 

Visvanatha has added solved examples in the commentaries and hence, those 
commentaries are very useful for the student. Kr§na Sastri Godbole has 
published a Marathi edition of Grahalaghava containing solved examples, which 
is for the most part, a translation of the Visvanathi commentary. 

Visvanatha has not given any theory in his commentary ; still the fact that 
he had a good knowledge of the astronomical science is evident from his works. 
He compiled all his works at Varanasi. 

NRSIMHA (Birth date 1508) 

He was the son of Krsna who was the eldest son of Divakara of Golagrama 

(page 154). He was born in Saka 1508. He was guided in his studies 

biy his uncles Visnu and Mallari v He wrote a commentary on the Surya 
Siddhanta entitled Saurabhasya in Sakal533. It explains the theory and con- 
tains 4200 verses. His commentary on the Siddhanta Siromani named Vasana 
Vartika was written in Saka 1543. It was also called Vasana-Kalpalata and 
the number of verses in it is 5500. From both these commentaries it seems that 
he had a sound knowledge of astronomy. His son Divakara has written that 
he was very proficient in Mimamsa. 

Siva - 

Bora in the family described in the author's account of Visnu (P. 154 ) r 
Siva was the brother of Nrsimha and son of Kr§na, His birth year may have 
been Saka 1510. Sudhakara states that he had written a commentary on 
Ananta Sudharasa. He has compiled a muhurta work named Muhurta Cuda- 
mani. Divakara, his nephew and disciple, has rwritten in his work Jataka- 
paddhati, that he was a 'jagatguru* (world teacher). 

According to Sudhakara, there was another Siva, son of Rama Daivajfiya, 
who wrote a work entitled JanmacintamanL 

KRStfA 

He was born in a well-known family of scholars. The genealogical table 
below has been prepared from the family history given by the writers born it 
this family, 

* The author has not seen these four commentaries himself. He has given the name! 
from the Qanakatara#giifi. 
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Cintamani (Devarata gotra) 



Rama (wife Sita) Four other sons. 



Trimalla Gopiraja 

Ballala (wife, Goji) 



Rama Krsna Govinda Ranganatha Mahadeva 

' Narayana 



Munisvara Vasudeva 



PLACE 

Cintamani, a Yajurvedi Brahmana, used to reside in Dadhigrama, a village 
on the Bank'of Payosni in vidarbha. The position of this village has been des- 
•cribed by Munisvara' at the end of his Marici commentary in the line, 

iTfrr^rnsr*^ ^ TOtwzrr «?pr sf*reT*r n 

meaning "In the auspicious (Village of) Dadhigrama, situated on the bank of 
Payosni, in the same latitude as Ellicpur". 

The Palabha of Dadhigrama, mentioned in commentary on the Kesavi 
Jataka written by Narayana, son of Govinda, is 4-30, from which the latitude of 
the 'place would come to be 21°-15'. This is also the latitude of Ellicpur. 

It appears, thereofore, that Dahigaon must be a village situated to the 

.east or west of Ellicpur, in the same latitude.* 

Ballala went to Varanasi to reside there permanently. His descendants, as it 
appears from their works, continued to reside at Varanasi. However, it 
appears from Narayana's commentry on Kesava's Jatakapaddhati that he 
compiled it at Dadhigrama. ' . , > 

HISTORY OF ANCESTORS 

Krsna and Munisvara have wirtten in their works that Rama possessed 
such a wonderful prophetic facultv that the King of Vidarbhas always obeyed 
him. The date of Rdma, as reckoned from those of Krsna and Munisvara 
appears to be about Saka 1440. When the Bahamani kingdom was split 
into five parts about 1500 A. D. (Saka 1422), one of the parts was transformed 
into the Kingdom of Berar (Vidarbha) with Ellicpur as its capital. As Rama 
is said to have been the adviser of the King of Vidarbha, he must have been- 
residing at Ellicpur. Ballala was a great devotee of Rudra (Siva). Ranganatha 
has stated in his commentary on the Surya Siddhanta that Rama, the eldest 

*liy the formula tail. ]&i.=.-.Pahibba~.-l2, the given palabha 4/30 would indicate 20"S4' 
(not 21 b 15') as the latitude oi 'the place. (R.V.V.) 



Jyotisha Siodhant a Period 159 

son of Ballala compiled a theory work to explain the, 'Anantasudhakara.' 
This may be the same as the Sudhdrasa of Ananta referred to on page 145. 
This Rama also was a great devotee of Siva ; and, according to the Marici 
-commentary, he was alive in Saka 1557, the date of that commentary. 

KRSNA HIMSELF 

Krsna was the second son of Ballala. He wrote a commentary work, Bija 
navankura, on Bhaskaracarya's 'Bijaganita'. The commentary has also received 
Bijapallava, "Kalpalatavatara," as additional names. Krsna has suggested in it 
some new artifices of his own. The commentary has proved to be the best of 
the ancient commentaries and is recognized as such by learned iri*en. In this 
commentary, he calls himself a disciple of Visnu who was the disciple of 
Nrsimha, the nephew of Ganesa, the author of the Grahalaghava. It is not 
known if this Visnu was the same as the Visnu of Golagrama ( page 154.). 
The dates of both of them appear to be almost the same. Krsna has written 
a commentary, consisting mainly of examples, on the Jatakapaddhati of Srlpati. 
He has adopted in it Saka 1478, the birth Saka of Khankhan, the minister, by 
way of example in it. There was no possibility of Khankhan to be a minister 
before Saka 1500. Ranganatha has referred to both these commentaries by 
Krsna in his commentary on the Suryasiddhanta, and he also writes there that 
Krsna was held in high esteem at the court of Emperor Jehangir. Jehangir 
ruled from §aka 1527 to 1549. From this, Krsna appears to have compiled, 
both the commentaries during the period Saka 1500 to 1530.- He has written 
another work "Chadaka Nirnaya", which had been published by Sudhakara 
Dvivedi. It appers from the commentary, Marici that he had won the affec- 
tion of Nuruddin, a Muslim officer, and that he was not living in Saka 1557. 

DESCENDANTS 

Narayana, son of Govinda, has written a commestary on Kesava's Jataka- 
paddhati, in which he has adopted Saka 1509 for the purpose of illustrative 
examples. There is a work on algebra, named Narayaniya Bija consisting of 
aphorisms in Arya metre. The author of the Ganaka Tarangini say§ that it may 
have been compiled by Narayana. Furthermore, this Narayana may be 
identical with Narayana, the guru of Munisvara. 

RANGANATHA 

An account of his family has already been given while describing Kr|na's 
family. He wrote a commentary, Gudhartha Prakasika, on the Surya bidd- 
hanta. A detailed description of it has already been given. He has given 
in the commentary itself, the date of its compilation in the following verse :— 

Translation :— (not necessary) 

Ranganatha says that his son Munisvara, and the commentary Gudhartha 
prakasika, both appeared 52 \ ghatis after sunrise, on Wednesday, the Srvatitni 
of the bright (or dark) half of Caitra in Saka 1525 ; and it is written in the same 
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commentary that Krsna was honoured by the Emperor Jehaneir T*h a «„,v 
began to rule since Saka 1527 and not before. Hence! th°s saka apnears d™S 
ful. But Mumsvara's works belong to Saka 1557, lS^Mm^ffiS^ 
that the above Saka is not quite improbable. Ranganatha might haveblgan 
writing his commentary m Saka 1525. The 'ekadaiV day in the 4ukl^ 
Krsna paksa" of the elapsed Saka year 1525, could not be a Wednesday Thl 
Sukla Gaturdasi fell on Wednesday and lasted for 10 ghatis This wS" aeTee 
with the particulars m the quotation if sivatithi is taken to mean ratiinS« 
Otherwise, the Wednesday must be the Masami, day in CaSlrsna mkt 
of Saka 1524 which lasted for 8 ghatis. Hence, complete agreemenU rea^lSd 
if 1525 betaken as the current saka {i.e. elapsed Saka 1524),?h e 7alhalf1s tfat 
paksa, and Ekadasi as the Sivatithi. In short, Ranganatha was alive ir, <Vv a 
1525, but not in Saka 1557, as is apparent from the Marie* commen^y 

His commentary on the Surya Siddhanta shows that Ranganatha had a 
sound knowledge of astronomy, particularly that of BhaskaFa's Siddhlnta 
He has explained the theory, throughout the commentary. It also appears 
from the commentary that he taught students with the help of astronomic^ 
instruments, like the celestial globe, which he had constructed himself He 
wrote the commentary at VaranasL 

GRAHA PRABODHA, Saka 1541 

This is a Karana work its epochal year being S'aka 1 541 . It consists of 3S 
verses m all, and 'they deal with only the question of the true places of planet? 
The treatment of this subject, the method of calculating ahargana, eleven vS 
cycle etc. are all on the lines of the Grahalaghava. The author writes in the 
colophon : u luc 

Translation : — 

(36) There was a Brahmana named Tukesvara, who was an ornament for the 
Garyya, (Gargya?) family, who gave joy to learned men, who was the ^in- 
competent to remove the darkness of ignorance among Lh^fo wh was 
honoured by the king, who was very famous in the world as one ^holxplaks 
the astronomical theory and one who was courageous and broadminded 

(37) His son, named Siva, who was devoted to him w« a™,*u„ fo 

of Siva and TuEesvara was true ; bui sc far as hi/clta , £ h '? descri Pt«>» 
a work agreeing with observation go^.he'wo^^X^^^tl 



mentioned his place of residence. But the parts of A. D/ (ascensionar differ- 
ence) correspond to a place having its palabha equal to 4£. Tlie work Weill* 
gives any eopchal position 'norcakra-dhruvaka's (i.e. explements of the mc£ 
tion m a cycle). These may have been included in separate tables The 
copies which the author happened to see (No. 422 of 1881-82 in the iieccah 
College collection and No. 2619 of the Anandasrama collection) did not 
contain any table. * 

Naganatha's disciple, Yadava, wrote on 'Udaharana' type of commentary 
on this work, adopting saka 1585 for the illustrative example. / 

/'■•'"."' ' -'"....■•'- 

MUNlSVARA " 

WorjCs . V " " "■ ■'■■.; ++': 

He, was the son of Ranganatha, the author of Gudhartha prakasika. Ihe 
date of the commentary viz. Saka 1525, is the date of his birth :— V ■' 

. The following three works by him are famous :— (1) A commentary on 
Bhaskaracarya's Lilavati, entitled "Nisrstartha DutI Lilavati Vivrti'V (2) The* 
Marici commentary on the Chapters on Ganita and,Gola from (§ircmani) and 
(3) an independent Siddhanta work on astronomy known as Siddhanta Sarya^ 
bhauma. It is written in Ganakataranginl, that Tatisara, is an additional 
work'fredited to his name. It seems that it may be an independant work on 
elemehta|y arithmetic. He has mentioned at the end the date of the completions 
of the first half of the Marici commentary in a queer chronogram : r 

-.. astNWrcr^; X f^sr firtW rf^ <mi^ *%<r ti mi 
sjftt ^r^ qfT^fcrfW fTif«P; ^M^T^^Tror^Tq^^rt^^f n \$ n 

Translation:-— . ; %:d 

The first part of the Marici commentary, which was begun by Munlivara> 
the elder brother of Vasudeoj was completed on the date indicated by the 
following mathematical formulae :— , 

(i) the naksatra number is to be obtained as follows ■:-—.' 
the Saka +1=1557+ 1=1558 
1558+19=82 ; 82— 1=81 ; ^%\=9 
9-l^mii.e.Pusya 

(ii) The month would be the naksatra number divided by 2 i.e. 4th vm 
Asadha. 

(iii) The tithi is given by the month number diminished by 1 i.e. the .third 
viz. tfttya. "';?%,. 



■ ■ - ■ ■ . ■ '. v r* ■■ ■ ■ . ■ 

(iv) The paksa and va^jboth to be obtained by diminishing 
by 2 i.e. 1 vizf^^klapaksa and Sunday. 



the tithi numbe 



(v) The yoga to be ijt^ai|a by the sum of numbers, d&noting the nafcsa 
ara, vara, tithi, and paksa*if*&+ 1+3+1 =*=1 3th. (vyaghata). 

1 DGO/69 > U 



History of Indian Astronomy 

The sum of all these numbers (84-1-1-34-1 4- 1Tk i e> it ; n ^ ' a x* n 
multiplied by 40 would give the year7=l56^ and 

Sii^th^l!^^*^ c f m T en i aiy (firs - 1 half > was dieted on 
ouuaay, m.iidlunirdayof the bright half of Asadhain Sal™ 1SS7 +uL 

1< J Udh j k ? t ra says that the S'ddianta-sarvabhauma was completed in Sata 
1568, and the author's own commentary on it was compl<£dT n |Z ^j? 

2.SJ ?aSS) e0, S BO "f ly iS a TO, ™S»»>» wo* and the nnX of veSes in !i 
oeing ^SUOO. It contains a very laree colWHnn ^f ^»^+ rt +- ^ vtl&c => iu n 

authors. The commentary on Ulavati ~£Sks mST™ ^ anC16nt 

Sa-rvabhauma-Siddhanta L^^ D ^AX n SS»a^ M * " "" 

swarol. He sta^eTthat Kr,n» t hIc ^ 1 0w 'f_ d S e trough the favour of Ktrtik- 
them probab y beiong^ ^'JSXSTVP WaS hi f ««»• Both of 

Sha^*^^ 

4th February 1628 A D Z in^ h * J *? n W A S crown ? d on Monday, the 
(the year 1<& iS^S.^Si^-RSl S^' ° f «-»'«* 

DI VAKAR A (Birth saka 1 528) 

from his uncle Siva At the ai of 10 ?„ I i 2 ?;„1 E rece,ved a11 his education 
name, /a - tet ^Uhe ^ of ,9 "fl^f™****^ work 

"hafbeen^^ - Vi ?^"- ™ e re ™™S 

His brother K^.^^^ra^SrSn"' "* <*>*«*<>*#■ 

THE SIDDHANTATATTVA VIVEKA OF KAMALAKARA 

ft»% mS* hTau-tdtteen ^v"" 13 "^ W ° rk * Kai «^kara. Kamalakara's 
birth date Z, II abouf slkaTsM '"t^ "T? of Vi «' u ( Pa « e I54 >- His 
«Varanasi in Saka 1580 It S„Ji L Th = w0 * Tattva-viveka was compiled 
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that whatever was not found in the Suryasiddhanta was false, and even if the 
same method in the Suryasiddhanta were crude, while that in another siddhanta 
more accurate, he would still regard the latter as faulty. Thus, for instance, 
the correction of udayantara was discovered by Bhaskaracarya, but Kamalakara 
regarded it as erroneous since it was not given in the Surya Siddhanta. He 
likewise attempted to prove that the correct method of finding the length of 
the circumference of a circle was the one given in the Surya Siddhanta, viz. 
to multiply the square of the diameter by 10 and to extract the square root of 
the product, even though the method given by Bhaskaracarya is really more 
accurate, It is needless to say that he has adopted all things like the numbers 
of revolutions and other elements, from the Surya Siddhanta and has even 
borrowed some verses exactly word by word. This work contains 13 chapters 
on the following subjects :-r~mean places, true places, three problems, discs 
shadow, elevation of moon's cusps, rising and setting, possibility of eclipses, 
lunar eclipse, solar eclipse, conjunction of plantes with stars, Mahapata and 
problems. All these subjects comprise* 3024 verses in difierent meters. They 
are intersperced with prose passages and he has added a chapter named "Sesa 
vasana" in which he has given the theory of those subjects in the body of the 
book which was not given at the proper place. This work has been recently 
published by Sudhakara Dvivedl at Varanasi Series. 

Although the great drawback of Kamalakara has been pointed out above, 
his works contain many new things not to be found in the earlier works. They 
are :— He has stated that the place of the pole star does not remain fixed owing 
to the precession of the equinoxes. Similarly, that the pole star which we see at 
present is not situated exactly at the pole (of the equator) and its place is found 
to have changed when observed early at night and late in the latter part of the 
night. He says that it is the view of the Greeks that the major part of the 
earth's surface is under water and only a minor part outside it. The distance, 
m degrees, of a place from any meridian, in the east-west direction, which is 
now known as longitude, was termed by him as Tuldrrisa and he has given a list 
■of latitudes and longitudes of 20 cities as below on the assumption that 
Khaladatta, a city on the equator, was on the Prime Meridian :— 



Place 

Kabul 

Khambayat 

Uijayini 

Indraprastha 

Somanath 

Varanasi 

Lucknow 

Devagiri 

Kanauj 

Kashmir 



Latitude 

34 40 
22 20 
22 1 
28 13 
22 35 
26 55 
26 30 
20 30 
26 35 

35 



Tulaniia 

104 

109 20 

112 

114 18 

106 

117 20 

114 13 
111 

115 
108 



Place 

Ahmedabad 

Burhanpur 

Lahore 

Argaiapur 

Vijapur 

Golkonda 

Ajmer 

Multan 

Mandava 

Samarkand 



Latitude 

23 

21 

31 50 

26 35 

17 20 

18 4 

26 5 
29 40 

27 
39 40 



Tulaniia 

108 20 
111 

109 20 
115 
118 
114 19 
111 5 
107 35 
121 

99 



12a 
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He has described in detail, the method of taking observations by the quadrant 
"instrument" and has discussed different new subjects in the chapter on three 
problems" and "eclipses". He has also mentioned that at the time of the solar 
eclirne an observer on the moon's disc will be able to see the earth engulfed in 
tteffidw ^He remarks that the Greeks had observed the transit of Venus 
arro« the Sun's disc The causes of the clouds, hailstorm, earthquake, and 
Zflmng of ^meteors, have been explained by him. They are not wholly 
me they are aueast not based on superstition and in the truth. His works 
show some new methods related to the study on arithmetic, geometry, men- 
SionTXTgonometry. Other siddhantas j"™^^^,^ ■ 
of the earth and give values of the sines of angles at mtervalsof 3 ¥ . He has as- 
sumed 60 units at the value for the radius of the earth and given values for the ■ 
shies of each degree, which are very convenient. A table has been given for * 
findmg tS right ascension of a planet from its longitude. Other Siddhantas ^ 
give neither this table nor the method ; these are given only in Keropant s .. ; 
work. In short, his work has many features. It is, however, very difficult to , 
find out how many of them he can claim as his own. It is a matter of regret 
that original ideas appearing in his work were not further developed. 

That his brother Divakara, was his guru, has already been mentioned | 
above while citing the verses from his work. Kamalakara was bitterly r 
opposed to Munisvara, the author of the Sarxabhaima-Siddhanta. They 
were contemporaries. One wonders whether it was due to jealousy that he 
beoan to hate Munisvara and consequently also Bhaskaras works. Ranga- 
natha, Kamalakara's youngest brother, wrote Bhanghibhanghm oroer to refute ; 
Munlsvara's 'Bhangi', the method of finding the true places of planets. Mums- ; 
vara, in his turn, made a counter attack (Ganakatarangim page 92.) 

RANGANATHA \ 

He was born in the famous family of scholars at Golagrama (see genealo- ; 
gical table en page 154). His birth year may be about 1534. He wrote the 
'MitabhasinV, a commentary on the Siddhanta siromani Sudhakara writes 
that he had compiled an independent work, named Siddhanta Cu<?amani. 
It has 12 chapters and contains 400 verses. It follows the Suryasiddhanta. 
Ranganatha has mentioned the date of its compilation as follows :— 

Translation :— 

Calculation based on the above data shows that this work was completed on 
Friday (6), the full moon (15) day of Pausa* (10), Saka 1565**, the naksatra and 
the yoga on that day being Ardra (6) and Brahma (25) respectively. 

* Sudhakara has arrived at Saka 1562 as the date referred to in this ; verse ; ,'but . il t is an 
error due to oversight. The third naksatra that he mentions was not possible °\™ e '™? n °£ 
day of Pausa in that Saka year. The naksatra happens to be the sixth ; and taking that into 
account, the sum would not come to 1562. 

** The month seems to have been puzzled out by trial and error as th e ^^o^fJL^rse does 
not contain any clue to its name or number. Pt. Sudhakara also remarks that number 10 has 
to be presumed here as the number of the month because it fits the case completely. .<.k. v. v; 
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SIDDHANTARAJA 

BY 

NITYANANDA (Saka 1561) 

BRIEF ACCOUNT 

Nitvananda compiled the work ' Sarva Siddhantaraja * in the year 
Vikram Samvat 1696 i.e. Saka 1561. He was a resident of Indrapun near 
Kuruksetra. His gotra was Mudgala, he belonged to the Gauda clan and 
was brought up in the Dulinahatta tradition of teaching. According to 
Sudhakara, Dulinahatta was his traditional native place. The names ot his 
ancestors, from his father upwards, were Devadatta, Narayana, Laksmana 
and Iccha respectively. 

Description of works. Their Special Features 

The work ' Siddhantaraja', is divided into two parts-Ganitadhyaya 
and Goladhyaya. The first part contains 9 chapters and deals with the 
following subjects : Mimamsa (Rationale), mean places true places, three 
problems, lunar eclipse, solar eclipse, elevation of moon's cusps, ™nywc- 
Son of Planets with stars and shadow. The second part Goladhyaya, 
contains chapters on the universe, the celestial sphere and mstruments 
The special feature of this work, which distinguishes it from all other 
SkWl££%orki described so far, is that it .follow. _^¥^S2JSlS^ 
He has fully discussed in the first chapter on ' Mimamsa (RaUonale) how 
the Sayana system is the supreme system and how it is ™°1^ » J 1 "** 
"by Gods and Rsis. The numbers of revolutions^ and other elements ot 
planets etc., are as follows :— 
Kalpa 4,32,00,00,000 years. 

The revolutions etc. in this period are :— 



Sun 

Sun's Apogee 

Moon 

Moon's apogee 

Mars 

Mercury 

Jupiter 

Venus 



432,000,0000 

171945 

57750968965 ' 

488327103 

2296968639 

17939534114 

364356698 

7022180538 



Saturn 1468359& L^ 

Savana days 1577847748101 

Solar months 51840000000 

Intercalary months 1590968965 

Lunar months 53430968965 

Lunar days 1602929068950 

Suppressed tithis 25081320849 



Number of divine years spent over creation from the beginning of 
Kalpa '..90410. 

Number of solar days in a year 365.24253428 

=365 days-^-14-33-7.40448 

the tropical year =365 days-14-31-53.42 (By accurate modern methods) . 

It can be easily noted that there is^ considerable difference between the 
above figures and those -given in any of the *^^^^*"™?^£& 
number of days in a Kalpa and the consequent length of ^ the ' J«£ *£j££ 
from it are less than those of others, and the numbers showing revolutions 
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are greater than theirs'. The number in the case of Venus is smaller „ 
Which apears to be due to some error. 

The corrections to be applied to planets have been mentioned in the 
following verses : — - 

^firef ? 3* « &rcnn»frir t%^rr spssf ^fM faff 

The author remarks at the very beginning,— . 

n , '* A J^. s ^ying i the Romaka, Saura, and Brahma Siddhantas, and after 
calculating places of planets, the writer compiled this accurate Siddhanta. " 

;« *?■ is n0t kllown which Romaka Siddhanta is meant here. The differences 
«Vt^^ SUre -^ ls ? OWthatit can neither be the Romaka Siddhunta 
?LE f^ si f dha ntikd group nor that of Ptolemy. The Samrat-Siddhanta 
(baka 15ol) also refers to Romaka Siddhanta. The author has no means 
at present to ascertain what Siddhanta it was or whether it was the same as 
tne one seen by Nityananda. The author of the work seems to have taken 
observation^ himself. There might have been Muslim astronomers at the 
ueitutourtinlustime, and they might have had - possessed some works 
n^T im *if c??£ my in their P° ssess ion. A reference to some such works 
occurs in the Siddhantsamrat. Nityananda might have seen those works also, 

*» jK e v- tIl0r -^ PP vT ned to see a c °Py of this work with the late Rao 
workbJw nah ^ fiya ? MandHk ' The copy had been made from a 
wZw lj^ mg ' J learned schoIar at Jai P ur - It appears that the siddtianta 

made use nf W ^?h*°f ^ , Itis m l known > howcver > if the work «» ever 
maae use of m the actual calculation of almanacs. 

KR!StfA,&ikal575 • 

It wS e on™«fi^ ar t! • l*°J k entitled Karana Kaustubha, written in Saka 1575 



son of one 
But the 



Mahadeo P t C t by K ! § ? a ' an astr °nomer of KaSyapagotra and a s 
motions of nli.5? a ^ en me " tioned what Siddhanta it follows, jjui me 
CmTeGrah^ a « ree with those calculated 

irom the Graha Kautuka and the Graha Laghava, with slight modifications, 

He^st^^^ t0 KE ' AVA ' the author of Graha Ka « uka 
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'•Being ordered by King Sivaji to compile such a Karana work as would 
enable astronomers to obtain figures agreeing with observation, Krsna the 
King of astronomers has begun to compile this Karana work." 

This shows that he compiled the work with the heip of the two works 
mentioned above and his own observations. Siva, referred to by the author 
J s * ,n .S S'™ 1 : .*? Z ^ 1 c ° f the Maratha kingdom. There is no doubt 
that, in Saka 15J5 i.e. m 1653 A.D. the author of the work was engaged in 
making preparations for the writing of the work and for taking observations 

S Va ?- W i? 26 ye x r Sold then ' and was actua Uy absorbed in the work of founding 
the kingdom. It is very significant that even in the midst of the turmoil he 
instructed the author to compile a work which would give results aereein* 
with observation. 6 » 

The following line of the author, 

shows that he was a Desastha Brahmana residing' in the Mawala territory 
near the Sahyadn ranges. * 

The mean places of planets are to be calculated from varsagana according: 
to this karana work. The ayanamsa is assumed to be zero 'in Saka 450 and 
the annual motion 60\ Unlike the author of the Grahalaghava, this author has 
taken the help of sines and chords. This very writer compiled a very volu- 
minuous work entitled Tantraratna and this work, he says, was only a part 
01 it. The Tantraratna has not come to the author's notice. 

pancAngakautuka 

By 
RATNAKANTHA, (Saka 1580) 
This is a work cortaining. tables, helpful, in easily calculating necessary 
ngures for the almanac. The epochal, year in it is Saka 1580. It has been 
compiled on the times of the Khandakhadya. The name of the author is 
xatna Kantha He was born in Saka 1546. His father's name was Sankara. 
we compiled this work for his son, Sivakantha. The writer claims that the 
u,^l eS \°J ? e whole almanac cai * be compiled in two days only from this 

«?J* / *l aready been observed (page 89) that he was probably a 
resment 01 Kashmir..' 

This work gives tables for calculating the ending moments of Tithis etc. 
irom the positions of the Sun and Moon, and the values of the bhogya (un- 
expired) parts of tithis and other items. This work can be used for finding 

fn,,/ •"' W • j n the true places and motions of the sun and moon are first 
^ouna ; it evidently entails greater labour than the work Tithi Cintamani. 

VARSIKA TANTRA 

S BY 
VIDDAlJJA 

arW^? of this name was found at Sholapur for the first time.' It has 

adopted the beginning of Kaliyuga as its epoch for calculation work, and that 

Why it is called a tantra. This tantra was compiled by Viddaista, 
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the son of Mallaya of Kaun^inya gotra. No mention has been made of the date 
of the work or that of its author. There is a commentary on it written about 
Saka 1634. (This Saka has been taken for an example in it). The commen 
cator has not disclosed his name ; but his place of residence, according to the 
commentary, was Bankapur. The palabhd of Bankapur has been mentioned 
as 3-18 (hence the latitude would be about 15° 25' ) 5 and the longitude as about 
13 yojanas (1*) west of Kartika mountains. From this, the place appears 
to be situated in the Dharwar district. This fact and the writer's name would 
lead one to infer that this work had been in use in Karnataka, and the date 
of its compilation was earlier than Saka 1600 ; it may have been even more 
ancient. It contains a verse from the Grahalaghava. It is not known whether 
the author of the Grahalaghava has taken it from- this work or the author of 
this work has borrowed it from the Grahalaghava. 

The length of the year and the revolutions of planets have beer taken from 
the modern Surya Siddhanta, and a correction has been mentioned for them. 
The correction for Mercury, as mentioned by Makaranda, is negative, while 
that given in this work is positive. Simiarly the Makaranda does not at all 
mention any correction for Mars, while this work gives plus 2f revolutions; 
all other corrections are the same as those given in Makaranda. 

' r From the list of corrections, this work does not appear to be older than 
Saka 1400. The Aufrecht Catalogue mentions another work Grahana Mukura 
by Viddana. 

> 
PHATTESAHA prakAsa 

By 

JATADHARA, Saka 1626. 

This is a Karana work. The epochal year of this work is Saka 1626 which 
was the 48th year of the reign of king Phatte Saha of the Candra dynasty at 
Badri Kedar, near Srinagar. Its author is Jatadhara by name. His father's 
name was Vanamali, that of his grand father was DSrgamisra and that of 
his great-grand-father, Uddhava. . His gotra was Garga. Jatadhara was a 
resident of Sarhind*. 

Dadabhata 

The Kiranavali, a commentary on the Surya Siddhanta, was written by 
Dadabhata or DadabhaI, a Citpavan Brahmana, in Saka 1641. His father's 
name was Madhava and surname Gaonkar. A reference to this commentary 
has already been made in the course of the authors comments on the Surya 
Siddhanta. 

Account of Family 

_ According to Aufrecht Catalogue Madhava had written a work entitled 
bamudrika Cintamani. Narayana, Dadabhata's son, has written in the colo- 
phon ot ms Tajakasudhanidhi, that Madhava was " in the service of Sri l£a 
in the Pashupatinagar ", from which he appears to have been staying at 



•Prof. Bhaoflarjcar's Report on the Search for Sanskrit Mami&crttfs, 1883-84. p. 84 
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Varanasi. Madhava had two sons, of whom Dadabhata was the elder. 
Dadabhata had two sons, of whom Naraya^a was the younger. Narayana 
compiled* the following works :— 

(1) Horasarasudhanidhi (2) Narajatakavyakhya (3) A ' Prasna ' work 
entitled Ganakapriya (4) A 'Sakuna ' work, named Svarasagara (5) Tajaka- 
sudhanidhi. ' The date of all these works appears to be about Saka 1660. 

JAYASIMHA 

Jayasimha was a unique personality so far a& the science of Indian astro- 
nomy is concerned.- Coperinicus was born in Europe about the same time as 
Kesava Daivajnya and Ganesa Daivajfiya, the two research-minded astrono- 
mers, were flourishing in our country, and the condition of astronomy both 
here and abroad could be said to have been similar till that age. But a great 
-transformation took place in the condition of astronomy in Europe from 
Copernicus onwards. One may safely say that the science has now 
attained the acme of knowledge so far as the motions and positions ot 
planets are concerned. It is true that the discovery of telescope and the 
needs of navigation were particularly responsible for this remarkable progress, 
still, it must be -admitted that ur.like Europe, our country failed to produce 
a galaxy of talented and diligent scholars capable of bringing about a similar 
.advance of knowledge. It is found, only Jayasimha in our country could 
he named as the solitary exception, comparable with the European scholars 
of his time. 

Jayasimha was a king in Rajputana. He ascended the throne at Ambher 
in Vikram Samvat 1750 (Saka 1615, i.e. 1693 A.D.). Later on he built the 
present city of Jaipur and made it his capital. In his work, Siddhartasamrat, 
he has been styled " Matsya desadhipati ". He set himself the task of com- 
piling a work, after taking observations wih newly built instruments, set up 
in newly built observatories, because no existing Hindu, Muslim, or European 
works could give results agreeing with observation ; and accordingly he accom- 
plished his task with success . He established observatories at Jaipur, mara- 
jrastha *(Delhi), ujjayinl, VaranasI and 'Mathura. He got built very Dig, 
" immovable instruments, made of mortar and stone, huge in size ana very 
useful for observation, because, he found that metallic instrumerts are very 
small in size and wear out easily. Of these, the Jaiprakasa, Yantrasamrat, 
Bhittiyantra, Vrttassthamsa etc. were i ewly devised by him ; and alter engag- 
ing a staff of competent astronomers as observers for seven or eight years, 
he compiled a work entitled viz. 'Muhammad ' in Arabic and biddnanta 
Samrat in Sanskrit, on the basis of' the records of observations tat en. ai 
ithit tims, Muhammad Sah was the Emperor of Delhi ard the first worK 
was ramed after him. It appears that it was ^also called T Mijasu . lm* 
work belongs to the year 1 141 of Hijri era (i.e. Saka 1650). He got the bidd- 
hantasamrat compiled by a scholar, Jagannatha, about Saka lbWO^ l '* l 
A.D.). It is mainly a translation of the work, Mijasti. It.coisists oi k> 
chapters, contaning 141 articles and a study of 196 Propositions (*setrasj. 
The work records the observations taken in the year 1650-51-52 , ana vue 
elements such as planteary motions have been determined, after comparing nis 
own observations with those of Ulugh Beg and ot her ancient observer s. ^ 

*The latitude of Indraprastha has been given as 28°39' wtych tallies with the presen 
<>day estimate. 



170 History of Indian Astronomy 

The Siddhantasamrat could not be obtained in its complete form in this 

province. The Anandasrama possesses a copy of the book prepared from thev 

incomplete work in the possession of the Rajajyotisi (palace Astrologer); 

of Kolhapur . It contains two chapters in the beginning which describe, 

by way of introduction, the earth and the celestial sphere. The first chapter 

contains 14 articles and a study of 16 propositions (Ksetras), and the second, 

13 articles with 25 theorems. The book contains, in addition, a study of 

instruments and problems in geometry and trigonometry, three problems 

and mean & true places. The " spastadhyaya " is incomplete, and this 

portion contains a study of 67 propositions. All these together make about 

5500 verses. From this it appears that the complete work may have consisted 

of about 10000 verses. Sudhakara says that according to a legend, the 

number was about 50000; but it is an impossibility. Moreover, Sudhakara 

too has not seen the entire work. . 

If a description of the observatories built by Jayasimha, and of the obser- 
vations taken,~and the items of original information gleaned from these, be 
attempted, it would take a small volume. It is enough to state here, however, 
that Jayasimha ensured a higher degree of accuracy in the calculation of 
planetary positions and motions than that achieved in Europe in those days. 
This reflects great credit on him as well as this country. The length of the 
year adopted in this work is tropical and the rate of annual precession 
about 51 ".4, The planetary places obtained from the work appear to be 
sayana. We are instructed to take the nir ay an a places obtained by applying 
the ayanamSa-correction. The numbers of revolutions and other elements 
also appear to have been given as in the Surya Siddhanta along with correc- 
tions to be applied to them. 

It is not that the work in Arabic might have been entirely compiled by 
Jayasimha himself. He had many scholars under his patronage and he might 
have got it compiled by them. The Siddhanta Samrat which is for the most 
part a translation of the Arabic work was compiled by Jagannatha. Never- 
theless, Jayasimha was himself a good observer, a mathematician and an , 
astronomer. The works mention the fact that some of the subjects were 
explained by him in quite a new way ; and the idea of first taking observa- 
tions and then compiling a work that would give results in conformity with 
observations was first originated by him. He had engaged competent artisans 
and scholars knowing one or both the languages, Sanskrit and Arabic. He 
had sent astronomers even to foreign lands to take observations. It. 
is obvious that the observation work has to be carried on at several places 
and by several persons working in co-operation. 

The Siddhanta Samrat describes the instruments newly designed by 
Jayasimha. A description of his observatories and instruments has been given, 
later on in the chapter on 'Observations'. 

The Siddhanta Samrat refers not only to ancient works in Sanskrit but to 
a work compiled by Ulugh Beg, grandson of Tamerlane in the Hijri year 
841 (i.e. §aka 1359). It refers also to a work compiled by Boosanassar ,, 
which seems to have been compiled 619 years before that of Jayasimha. T" 1S 
figure may be indicating years of Hijri era. It refers to the Romakasiddhanta 
and to the Yavana (Arab) astronomers, Batalmajusa and Awarakhas... 
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Jagannatha translated in Saka 1641, 15 books of Euclid's geometry in to 
Sanskrit, under orders of Jayasimha. It is called ' Rekha-ganita' It is wefl 

«E™ S j3 i P M P So^ Ce *p There iS r^ C ° Py ° f this b00k in th * Wndasrama 
library (Book No. 3693), Poona. It does not mention Euclid's name It is 

said to have been prepared with the help of works compiled by Rsis • 

there is, however, no doubt that it was compiled with the help of Euclid's 

work. It may have been compiled from some Arabic work which did not 

make any mention of the original writer,, or else which contained some words 

suggestive of the " apauruseya " (divine) nature of the work and a similar 

remark might have found its Way into the Sanskrit work also. 

Sudhakara writes that Jayasimha offered some villages to Jagannatha by 
way of reward and they are still in the possession of his descendants. 

Jayasimha v got another work entitled ' Ka$ar ', compiled by ' Navamsu- 
khopadhyaya\ It is an independant work different from Euclid though 
compiled on the same lines. It conains three chapters which respectively 
consist of 22, 23 (or 22) and 14, i.e. 58 or 59 theorems in all. The first 
two chapters deal with theorems about circles on spheres. This book was 
ongmaly written by ' Savajusayusa ' in the Greek language. It was then 
translated into Arabic under the orders of Abul Accas Ahmed. There is 
a commentary on it compiled by Nasir. It has been stated in the work 
that it was translated from Arabic into Sanskrit. 

The enterprises of Jayasimha were not continued further. No one makes 
any use of his observatories and now they are mostly in a dilapidated condi- 
tion. Jayasimha's work, Siddhanta Samrat also does not ^appear to have 
come into use ; nor have almanacs been rectified therefrom. The length 
of the year is still the same as before. And the same works which guided 
the almanac-makers before the time of Jayasimha continue to hold the field 
to this day. The fact that Jayasimha's works were not used even in Raj- 
putana, is really very deplorable and thought-provoking. 

VAISNAVA KARANA 

By 
SAftKARA, Saka 1688 

Sankara belonged to Vasistha gotra and was a resident of the region around 
Raivataka hill (near Dwarkaj. The names of his ancestors, from his father 
upwards were Suka, Dhanesvara, Rama and Harihara. He compiled a Kara- 
na work entitled Vaisnavakararia in Saka 1688. Although he has observed in 
the beginning that he proposed to compile it according to Visnugupta's views, 
he has, in reality, followed the Bhaskaracarya's views. He perhaps meant 
to name Brahmagupta, son of Jisnu, in place of Visnugupta. This work 
adopts a Zero ayanamsa for the Saka year 445. The work contains about 
300 verses. It is claimed that this Karana work would give planets places 
agreeing with observation. But it contains nothing more than earlier works, 
Ganakatarangini, pp. 110-111. 
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GRAHAGANITA CINTlMA^I 
By 

MANIRAMA, Saka 1696 

Brief. Account 

Manirama was a Yajurvedi Brahmana belonging to Bharadwaja gotra. 
The names of his three ancestors, starting from his father, were Lalamani, 
Devidasa, and LHadhara. His guru was one Vatsaraja of Kasyapa gotra. 
All these names suggest that Manirama was a Gujerati. The verses describing 
his family history show that his name may have been simply Rama. 



Outline of Work 

The Grahaganita Cintamani has given epochal positions for the morning 
of Sunday, the first lunar day of Caitra Sukla, of Saka 1696 (i.e. 13th March, 
1774 A.D.), They are:— 
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This work has employed the same device as Grahaghava in order that aha- 
rganamay not exceed a certain number.In other words it has assumed a cycle of 
11 years and the explement of the motion during this cycle is termed <Dhruva\ 
These 'Dhruva' figures are more accurate than those of Grahalaghava. The 
author is a follower of the Surya Siddhanta ; still, he has not adopted the 
positions as they are actually obtainable from the Surya Siddhanta. Again,, 
though the method of procedure adopted in the work is almost the same as. 
that of Grahalaghava, the author has not relied upon that work too for the 
places of planets. From this and from his remark in the conclusion, viz. 
"I have compiled this work, after myself taking observations, according to 
the methods of observation described by learned men. Scholars may test, 
their accuracy by means of instruments, " it appears that the writer has obtained 
the planets' places at the epoch, after actually taking obervations for himself. 

' He has mentioned a correction due to difference in longitude (rekhantar) 
to' mean places of planets. Similarly, he has mentioned the corrections of 
'bhujantar' and 'cara' for all planets'. The ayanamsas have been given 
according to the Surya Siddhanta. The method of calculating true places 
of planets is like that of Grahalaghava. However, the figures for the helio- 
centric and geocentric positions are somewhat different. 

The work contains 12 chapters on the following subjects :— mean places,, 
true places of the sun and the moon, true places of planets, calculation of the 
ascendant etc., lunar eclipse, solar eclipse, graphs, re-appearance of the moon, 
construction of the 'nalika' instrument, elevation of moon's cusps, heliacal 
rising and setting and Mahapaat. The number of verses in it are respectively 
19, 11, 14, 7, 5, 3, 7, 3, 26, 4, 6, 15, i.e. 120 in all. There is a copy of this work 
in the Anandasrama (library), Poona. (Book No. 3103). 

A-p Setback to Grahalaghava 

T A number of attempts appear to have been made to compile a work similar 
to' the Grahalaghava. The author has not found among these any work as. 
good as this one. % Of course the author of this work cannot be credited with 
capacity for original work like that of the Grahalaghava ; still, it is only iair 
to observe that he has given planetary positions agreeing with observed results ; 
and, judged only as a karana grantha, this work is by no means inferior to 
the Grahalaghava. Nevertheless, Grahalaghava has been m extensive use all 
over the country and in spite of its great antiquity it is not found inconvenient 
for calculation. Moreover, many astronomers have prepared tables in order 
to simplify all its calculation work. For all these reasons the Grahalaghava 
has not been beaten as yet by any of its successors. 

BRAHMA SIDDHANTASARA, Saka 1703 

This is a work belonging to Brahmapaksa. It contains 12 chapters. It 
has adopted" Saka 1703 as its epochal year. The first chapter comprising 
124 verses, is a synopsis of the chapter on mean places from the Siddhanta 
Siromani. Then follows the main part of the original work- It follows the 
method' of computing planets' places from ahargana. Some of its metnoas 
are similar to those of the Grahalaghava. The author of the work named 
BhulI, was the son of Narayana and a devotee of goddes s Devi , he was a. 
Brahmana belonging to Gargya gotra, and used to reside at Dadhici, a place 
6 miles to the east of the mouth of the Narmada. 
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yantrarAja ghatanA 

By 
MATHURAnATHA, Saka 1704 

MathurSntaha, a Malviya Brahmana, was employed in, the library of the 
Sanskrit Pathsala* at Varanasi from 1813 to 1818 A.D. (Saka 1735 to 1740). 
Be was a good scholar of astronomy and knew the Persian language. He 
compiled the work Yantraraja Ghatana in Saka 1704. The number of verses 
in it is about 1000. He received the patronage of Dayalu Cand (Dalcand), 
grandfather of Sivaprasad, the well known king of Varanasi. The latitudes 
Ind longitudes of stars observed in Saka 1704 have been recorded m this work. 
{Ganaka Tarangini, pages 114—6). 

There is an instrument known as Yantraraja which is useful for observa- 
tion. There is also an old work entitled " Yantra Raj ", dated Saka 1292, 
which has been noticed further in the chapter on observations. Mathurana- 
tha's work probably dealt with the construction of the instrument, the method 
of taking observations and the like matters. 

cintAmani diksit 

This astronomer flourished under the Pes'wa rule. His date of birth is 
• about Saka 1658 and the date of death Saka 1733. He was given a pension 
of Rs. 125/- by the Peswas. He was a resident, of Satara. He prepared 
tables for the Surya Siddhdnta ; he compiled in Saka 1713 a work entitled 
Golanand, which is devoted to the instruments of observation. Its description 
will appear in the chapter on 'Observations'.* There is a commentary on it 
compiled by Yajrieswar alias Baba Josi Rode. The descendants of Cmta- 
mani are at present residing at Sdtdrd. The author had met m Saka 1809 
Bbau Diksit Ciplunkar, the grandson of Cintamani Diksit. The above 
account is given on the basis of the information given by him personally and 
also from what could be gathered from the work. It was told that he had a 
brass instrument called Golanand and the directions etc. have been fixed in 
Sdtdrd for the purpose of taking observations. It is mentioned in the Gola- 
nand, that Cintamani's gotra was Vatsa, his father's name Vihayaka and the 
original place of residence of his ancestors was Ciplun. 

RAGHAVA 

He was a resident of Pdrola in Khandes, at about 2 'yojansa' to the south 

of the river Tapi. He used to reside also at 'Punyastambhd' (Puntamba) 

on the bank of the Godavarl, in Ahmednagar district. He compiled some of 

his works there. His surname was Khandekar and his father's name was 

Apapanta. 



*The Sanskrit School (Pathasala) at Varanasi was established by Jonathan Duncan, the 
Resident of Varanasi, on 28th October 1791 (Saka 1713). The school is still in existence. 
The ancient Indian sciences and modern sciences like mathematics etc. are taught there 
•through the medium of Sanskrit. t 
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He compiled two astronomical works, Khetakrti aud Paficangarka, and 
a work on astrology, entitled Paddhati Candrika. Khetakrti belongs to §aka 
1732. It may be regarded as following the Grahaldghava. It treats of only 
the very necessary subjects from the Grahaldghava. The figures for motions 
and other measures are more crude than those of Grahaldghava. He has 
adopted different devices for calculating mean places of planets. This work- 
is in some respect more convenient for calculation than even the Grahaldghava. 
The author has incorporated in it also the methods of calculating tithis and 
other features of the almanac from the epochal positions for his own date, 
after quoting relevant verses from the Tithi Cintdmani. On the whole, however, 
it is very inferior to the Grahaldghava. But it is better than Raghava's second 
work 'Paficangarka.' The Paficangarka belongs to Saka 1739. Raghava 
compited it 7 because the earlier compilers of works on Paficanga calculation 
used to keep secret the reasons underlying such terms- as 'abdapa' occuring 
ih them. The commentary on the work is written by the author himself. It 
was compiled at Puntamba. This work alone would not serve the purpose 
because, it instructs one to adopt the pardkhya* correction from the Laghu 
Cintdmani. Again the author has given the method of calculating only the mean 
places, white that for the true places has not been dealt with. One fails to 
see why then the calculation of mean places is given at all. The length of 
the year has been taken as 365d-l 5-31-31. The mean places are to be found 
from Varsagna. But the annual motions given for this purpose appear to 
be very approximate as compared with those of the Surya Siddhanta. The 
motions have not been altered with any definite purpose in view. The second 
chapter deals with the calculation of the ascendant and the 3rd and the 4th 
43 scribe how to calculate the eclipses of the sun and moon, provided the 
"naksatra" is known. The four chapters together contain 103 verses. 

Paddhati Candrika, a work on astrology, was compiled in Saka 1740. It 
was completed at Punyastambha. Appagoswami, son of Rama, surnamed 
Khire, and a resident of the village Revada, situated in the» territory between 
the rivers Krsna and Nira, wrote a commentary on it in Saka 1741, which 
is entitled Lalita. 

TITHI PARIJATA by SIVA 

Siva, the son of Mahadeva, belonging to ViSwamitra gotra, was a resident 
of Lahsmeswara. He compiled the work, Tithiparijata, in gaka 1737 It 
follows the Grahalaghava. It gives tables like those of Tithi Cintamani 
for the calculation of tithis. (This information has been given from the' 
Ga^aha Taranginl). It is not known if this Laksmeswara is the same as that 
in Dharwar District. 

DINAKARA 

BRIEF ACCOUNT 

A numbsr of works compiled by Dinakara and copied out by Madhavarao 
fif u e ? poona > are m th e Anandasrama, Poona. In an example in one of 
the books, the palabhd taken is 4 and the longitude is 28 yojanas west These 
are the corrdmate s for Poona. From this, Dinakara appears to have been a 
resident of Poona. According to the description given in his commentary 
on the Yantra-Cintamani, the name of Dinakarara's father was Ananta and 
his go tra was Sandilya. 

•Parakhya is the duration of the unexpired part of tithi, yoga or naksatra at sunrise. 
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.Works 

All his works on astronomy have been compiled with a view to simplifying 
planetary calculations to be made according to the Grahalaghava. They consist 
mostly of tables, and are very useful for study because solved examples have 
?een given in them. The works are :-(l) Graha Vijnana Sarani ^This contain^ 
tables useful for calculating mean and true places of planets. The Saka years 
ffi^cSUles are H34, 39, and 44 (2) *^^™°WJ?& 
Tow to compute the true daily position of the sun, for the sake of findi ng th 
moments of the commencement of a new day, a new month, and a new yea 
TSe according to Tajaka system. The solved example has adopted 1744 
^thesXyear^asthepalabha, and 28 W. Yojanas as the longitude 
mLaena Sarani : tables for finding ascendants. (4) Krantisarani : tabes. 
for finTng the dec ination. Saka year 1753 has been selected for the example 
(5) cSdayankajala : Saka year 1757 adopted in the example (6) Drikkarm* 
Sarani ■ Saka year 1758 taken for the example. (7) Grahanankajala . The 
example has adopted Saka 1755-1761 as the years (8) A commen tary on the 
PaSani (Tables for the calculation of Mahapata) by GaneSa Daivajna, Saka 
K4 The example adopts Saka 1761 as the year. (9) Yantra Cwtama^ 
Tika': This is -a commentary on the work on instruments by Cakradhara. 

Dinakara was an ingenious astronomer and his works show that he had a* 
good knowledge of observations. 

Grahalaghava Methods Simplified 

A number of astronomers possess tables like, those prepared by Dinakara 
that are useful in making any calculation by the Grahalaghava met^ds 
and especially for finding the mean and true places of planets. The calculation 
which normally takes 2 to 2* hours if done according the method descnbed 
in the Grahalaghava verses, can be finished m nearly half an hour witht^e 
aid of such tables. Vaman Krsna Josi, Kannadkar, Published in Saka 
1803 a work, entitled, " Brhat-Pancang-Sadhanodaharana which conta m 
such tables. The printed version of 'Kesavi (collected works of Kesa\a, me 
father of Ganesa Daivajnya) contain similar tables. Nevertheless astronomers 
are 'found as do not have any idea of such devices and short cuts ana are 
consequently required to follow the laborious method of calculation. 

YAJNE§WARA ALIAS BAbA JOSl RODE 

Brief Account 

His gotra was Sandilya, his father's name was Sadasiva and that of his grand 
father, Rama. He was the grandson' (daughter's son) of Cintamam _^j K ^ 
of Satara. When ^British rule was established in Maharastra, a SansKnt ^oiiegc 
was founded in Poona, and YajneSwara was a teacher* of astronomy there up- 
to September 1838 (Saka 1760). From what date he was there, J s * ot *™ w "' 
The chief Pandit and ast ronomer, Subajl Bapii, of the Sanskrit School at binore, 

*Mr. Chaplain, Commissioner of Southern Division, founded the Poona Sanskrit College 
in 1821 A.D. Afterwards the College underwent such a complete tra » sfor ^™ -!!L/„r 
A.D. that it may as well be regarded to have ceased to exist. (See Report ot the Boara 01 
Education, for 1840, 41, 51 & 52.) 
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in Malwa, had compiled a small work entitled Siddhanta Siromani Frakasa 
in which he presented a comparative study of the mythological views abou) 
astronomy, those of the Sanskrit astronomical siddhanta works, and thost 
of Copernicus. R.B. Godbole, author of the Modern History oj lhdia Oiarathia 
writes that Yajneswara had compiled the work, " Jyotih-Pur ana- Vitodha 
Mardan " in refutation of the work of Subaji Bapu while Major Candy has- 
observed that Yajneswara was very intelligent and learned, but a very bigoted 
champion of the mythological doctrine. But there is still another woik 
'Avirodhaprakasa' by Nilkantha, in which it has been shown that there is no 
contradiction between the teaching of the Puranas and those of ihe science 
of astronomy. Wilkinson, the Political Agent of Sihore, had a sound knowledge 
of Indian astronomy. He had got Siddhanta Siromani, printed at Calcutta 
in 1841 A.D. (Saka 1763). It was on his advice that Subaji Bapu compiled 
another work "Avirodhaprakasa viveka" (Saka 1759) in order to refute 
the arguments advanced in "Avirodhaprakasa", and sent it to Baba Josi 
at Poona, and Baba Josi endorsed the views of the author, as can be seen 
from the relevant correspondence published in the original by the author of 
the Ganakatarangim*. 

WORKS 

The following are the works by Yajneswara :— His commentary, Yantraraja 
Vasana, on the work, Yantraraja, belongs to Saka 1764. He has also written 
Anubhavika, a commentary on Golanand by Cintamani Diksit. The com- 
mentary, Manikanti, on Laghu Cintamani, compiled by some Yajneswara 
may probably be the work of this very author. These works show that 
Yajneswara had a sound knowledge of Siddhanta works. He has referred 
to his work entitled, Prasnottarmalika in his commentary on Golanand. 

NrsiMHA, alias BaPUDEVA, Birth Saka 1743 

v Brief Account 

Bapudeva was one of those learned men who lived after the establishment 
of the British rule in India and who were proficient both in the Indian and 
Western systems of astronomy and mathematics. He was a Rigvedi Citpavan 
Brahmana, originally a resident of Tonke, on the bank of Godavarl in Ahmed- 
nagar district. He was born on the 6th lunar day of the bright half of Kartika 
in Saka 1743 (i.e. 1st November, 1821). His father's name was Sitaram and 
mother's name Satyabhama. He received his elementary education in a Marathi 
School at Nagpur, and in the same city^he studied Bhaskara's LUavatii and 
Bijaganita, under the guidance of Dhundhiraja, a Kanyakubja Brahmana scholar. 
In Saka 1760, L. Wilkinson, the Political Agent at Sihore, was impressed by 
Bapudeva's proficiency in Mathematics and took him to the Sanskrit College 
(Pathsala) at Sihore for further study. Here he studied Geometry and 
other branches of mathematics under the care of Sewa Ram. Afterwards, 
on Wilkinson's recommendation, he was appointed a 'teacher of Geometry 
in the Sanskrit College at Varanasi in Saka 1763 (i.e. 1841 A.D.) From that 

* kivalal Pathak of Varanasi had compiled a work entitled Siddhanta Manjusa, which 
was meant to' refute the arguments of the Avirodhaprakasa. Similarly, Balakrsna, a disciple 
of Sivalal's younger brother had written a work " Dusta-mukha-capetika ". Both these 
(works) had been compiled before Saka 1759. 

1 DGO/69 l3 > 
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day he lived at VaranasI till his death. He became the Head Teacher of 
mathematics in the same College. He retired from service in Saka 1811* 
Afterwards, he died in the month of Vaisakha in Saka 1812, at the age of 69. 

A number of students received their training under his supervision. He 
became an Honorary member of the Royal Asiatic Society of Great Britain 
and Ireland in 1864 A.D. and that of the Asiatic Society of Bengal in 1868 
A.D. In 1869, he was made Fellow of the Calcutta University. He was also a 
Fellow of the Allahabad University. In 1878, he received the title of CLE., 
and in 1887 that of Mahamahopadhyaya from the British Government on 
the Qccasion of the Golden Jubilee of the Queen Empress. The ruler of Jammu 
once awarded him a cash prize of Rs. 1,000 - for having correctly predicted 
a lunar eclipse. 

The works compiled by him were :— (1) First chapter of Geometry 
(2) Part of a work on Trigonometry (3) The controversy about the 
Sayana-system (4) A brief account of the teachings of ancient astronomers 
(5) Eighteen questions on strange subjects with their answers. (6) Tattvaviveka 
parikja (7) A description of the instruments at Man Mandir.^ (8) Arithmetic, 
All these works, both small and large are written in Sanskrit and all of them 
have been printed. In addition to these he wrote (i) 20 verses to explain 
the theory of Calculus, (ii) some formulae of spherical trigonometry (iii) useful 
notes on the study of siddhanta works (iv) The Chedyaka, useful for Yan- 
traraja, and (v) the Laghu-Saftku-chinna-ksetra-guna. These have not 
been printed. His Hindi works on Arithmetic, Algebra and Astrology 
have been printed. He examined the English translation of the Goladhyaya 
from Siddhantasiromani by L. Wilkinson, and he himself translated the Surya 
Siddhanta. Both these works were prepared under the supervision of Arch- 
deacon Pratt and printed in 1861-62. He also published with critical notes 
the Ganita and Gola, parts of Bhaskara's Siddhanta Siromani, in Saka 1788 
and the work LilavatI in Saka 1805.* 

Every year Saka 1797 to 1812, he used to publish an almanac with the 
help of the Nautical Almanac. A description of the Almanac will appear 
hurther in the course of our study of Pancanga. He di<l not, however, compile 
any work on the method of the computing the Pancanga. 

NILAMBAR £ARMl, Saka 1745. 

He was a Maithili Brahmana, residing at Pataliputra (Patna), four miles 
from the conflunce of the Ganges and the GandakL His father's name was 
gambhu Nath. He studied under the care of his elder brother, Jeevanath, and 
later on for some days in the VaranasI Sanskrit College. He was the Head 
astronomer at the court of Siva, King of Alwar. He died at VaranasI in 
Saka 1805. 

He compiled a work 'Gola P rakasa' in Sanskrit in the western style. Bapii- 
deva printed it at VaranasI in Saka 1793. It contains five chapters. The 
following subjects are dealt with in it : — The conception of sines, the theory 
of (plane) trigonometry and spherical geometry, and the theory of spherical 

♦This account is based mainly on the Gawkatarangiril. 
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trigonometry and problems. This work is yery useful for those who do not 
understand English. He has written a commentary on some sections of 
Bhaskara's works. His elder brother Jeevanath, wrote a commentary on 
Bhaskara's Bljaganita and astrological works like Bhava Prakasa. 

VINAYAK alias KERO LAK§MAN CHHATRE, Birth Safca 1746. 

Brief Account. 

Keropant Nana was one of the renowned scholars who were proficient 
in Western learning and who nourished after the British rule became established 
in Maharastra. He was particularly proficient in mathematics, astronomy 
and nature study. There is a coastal village, named Nagaon, in Astagar Prant, 
about 26 miles to the south of Bombay. He was born there in May 1824. 
He was a Rigvedi Citpavan Brahmana, belonging to the Kasyap gotra. He 
completed his studies of the English language and through that medium, the 
study of Western sciences at the Elphinstpne Institute of Bombay. He 
was a pet student of Prof. Arlibar. 

In the year 1840 A.D. an Observatory was built at Colaba, Bombay, to 
observe the celestial phenomena and to test the effects of magnetic attractions. 
When it was inaugurated by Prof. Arlibar, he appointed Keropant as an 
Assistant there. Later, on 7th June, 1851, the Poona Sanskrit College was 
converted into the Poona College ; and after some months, Keropant was 
appointed Assistant Professor to teach mathematics and natural Sciences to 
the Marathi section and the Normal School. He used to teach these subjects, 
in the College through Marathi as well as English. Later 6n, the Normal 
School section was separated from the College, and he worked as a teacher, 
and later on, he worked for some years more as Superintendent of the School. 
The Institution was also known in those days as Vernacular College. (It is 
at persent known as the Training College). In those days he used to lecture 
also in the Engineering College on the subject of Natural Science. Some 
time during this period he was the Head Master of the English School at Ahmed- 
nagar. In 1865, he was appointed a Professor of Mathematics and Natural 
Science at the Poona College, where he used to teach these subjects through 
English. The College, later on came to be known as the Deccan College. 
He retired from service in 1879 A.D. He was, at that time, drawing Rs. 1,000 
per mensem and he received a pension of Rs. 5,000 per year, the maximum 
which a 'Native' could receive in those days. In 1877, he received from the 
British Government the title of 'Rao Bahadur' on the occasion of the Delhi 
Durbar. He died on 19th March, 1884, at the age of 60. He was popularly 
known as 'Nana. His lifelong scholarly habits and his inmate, goodness were 
the most notable and praiseworthy among his many fine qualities. 

Works. 

About Saka 1772, Nana compiled in Marathi, a work entitled, Graha- 

sadhanacl Kostake (Planetary Tables) with the help of French and English 

works on astronomy, and published it in gaka 1782, (1860 A.D.)*. There was 

"no such work compiled before, either in Marathi or Sanskrit, and hence it 

renks very high among works of similar nature. • 

*Kr$n a Sastri Godbole writes that it was compiled on the basis of a work published 
by R. S. Yince in 1808 A.D. i3a 
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_ In this work, the length of the year is assumed to be the same as in the 
burya Siddhanta ; and the positions and motions of planets have been adopted 
on sayana basis. Hence, the planets' places calculated from this work are 
tropical or sayana. The author has assumed Zeta Piscium to be the junction 
St t f ? RevatL Jt c °ij?cided with the vernal equinox in S"aka 496. We are 
asked to find the nirayana places of planets, by assuming the ayanamsato be 
zero in that year, and by applying the ayanamsa correction to the sayana 
positions at the rate of 50" -1 per annum. The whole process amounts to 
the adoption of the correct length of the sidereal year, viz., 365 d -15 g -23 p . 
Adopting this length of the year and 50" 2 as the annual rate of precession, 
Keropant Nana began to publish since gaka 1787 a separate almanac with 
the help of the Nautical Almanac. The late Abasaheb Patwardhan gave him 
very valuable help. It was due to his encouragement that the above work could 
be compiled and the almanac was published from year to year. The almanac 
was naturally entitled by Nana as 'Patwardhan! Paficanga'. The positions 
of planets calculated from Nana's work is fairly accurate ; but the work and 
the Patwardhan I Pancanga are not now in use, and it may safely be said that 
no one follows the almanac. This almanac will be described in more details 
further on. 

Nana compiled a work on the calculation of tithis on the lines of the Tithi 
Cintamani. It has been printed in Varanas'i. No one could be found in this 
province to print it. It is almost unknown in this province, and this work as 
well as the Grahasddhandci Kostake are both out of print at present. . The 
Graha Sddhana has not adopted the purely sidereal year and the places of planets 
are sayana. Hence, the work, as it stands, is of no use in directly computing 
a Pancanga belonging to any of the schools, viz. nirayana according to the 
Grahaldghara, purely nirayana or purely sayana. Besides this it requires the 
use of logarithms and trigonometry ; and hence, the orthodox astronomers, 
are unable to make calculations from the work ; and it is doubtful if even half 
a dozen persons could be found among the newly educated people who could 
calculate from it. 

Nana wrote two books for Marathi schools. They are :— (i) Physics and 
(ii) Arithmetic. Maharastra can boast of thousands of people who could 
be called his disciples, direct or by tradition. 

VISAJI RAGHUNITHA LELE, Birth Saka 1749. 

Brief Account. 

One of the most talented and ingenious astronomers that ever nourished 
in our country, Lele was born at Nasik, on Friday, the tenth lunar day of the 
dark half of gravana, in Saka 1749 {i.e. 1827 A.D.), the ascendant at birth 
bemg_ Capricorn. He was a citpavan Brahmana of the Hiranyakesi Branch 
of Kasyap gotra. In his childhood he received some education in the Marathi 
school at Nasik till he was 11, where be learnt arithmetic up to fractions, and 
he received some lessons in Sanskrit while residing with his maternal uncle. 
This was the only education imparted to him by teachers, but owring to hi* 
perseverance and intelligence he was able to solve mathematical problems that 
would baffle even University graduates in spite of their background of 
English education.* 

*Lele was known to me personally and throughc orrespondence. Most of this account 
nas been written on the basis of this personal contact. A sketch of his life was published 
m the October 1888 issue of the monthly journal Balbodh. 
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Having passed some years in some trivial employment, he went to Gwalior 
about Saka 1782. He was there employed in the Revenue Department and the 
Accounts Department of Scindia Govt. His Balbodh and Modi handwriting 
was excellent. He was also very good at map drawing ; and not a single mis- 
take was ever found to have crept into his accounts. Having put in 33 years 
service he retired about Saka 1816 and he died at Gwalior in his 69th year, on 
Friday the 6th lunar day of the dark half of kartika in Saka 1817. 

Sayana Paficanga 

Many persons feel that the almanac should be sayana. Many must 
have felt and did actually feel thus before Lele. The thought naturally crossed 
Lele's mind and he was convinced that the 'sayanapaficanga, alone could be 
said to be in conformity with the tenets of religion. For some days, he 
used to compile a sayanaalmanac for practical use with the help of the Graha- 
laghava, and later on with that of the Nautical Almanac. But he did not get 
any opportunity for publishing it for some years. He had acquired a working 
knowledge of English that enabled him to compute figures from the Nautical 
Almanac. Keropant began to publish an accurate nirayana almanac from 
Saka 1787 (i.e. 1865 A.D.). From that year Lele carried on a controversy 
with Keropant through the press under the nom-de-plume "Sphutavakta 
Abhiyogi", (candid combatant) in order to convert Keropant to the Sayana 
view. Keropant remained indifferent and Lele, finding that he (Keropant) did 
not appear to be impressed by the importance of publishing a sayanapaficanga, 
which would conform to the tenets of religion, began to publish independently 
a sayanaalmanac with the help of other co-workers from Saka 1806. We 
shall have to revert to this almanac later on in the chapter on Paricanga. 

Lele did not compile any work from which to compute a sayanapaficanga, 
and hence, the task of popularizing it is a matter depending upon outside 
factors. 

CINTAMAT^I RAGHUNATHA ACARYA 

(Birth Saka, 1750) 

Brief Account. 

He was for 17 years the First Assistant in the Astronomical Observatory 
at Madras. Cintamani Raghunatha Acarya was an authority in the Madras 
Presidency just as Keropant was in this province and Bapiideva in the region 
around Varanasi. He was born on the 6th day of the RAfrGUNI month of 
the Sarvajit Samvatsara in Saka 1749, according to the solar reckoning, or on 
the 2nd lunar day of the bright half of Caitra of Saka 1750, by the luni-solar 
reckoning i.e., on 17th March, 1828. His mother tongue and the birth region 
appears to be Tamil (Dravid). He has himself written that he did not under- 
stand Sanskrit. Still he had a very sound knowledge of European astronomy 
and mathematics, and hence, that of Indian astronomy also. He actually 
used to take observations for a number of years. He was very well known in 
tnat respect. He was a Fellow of the Royal Astronomical Society in England 
since 1872. In 1847, he entered service in the Madras Observatory and he 

*?S amed there tiU the end ' He died on 5th of Februar y (»•*• Pausa) in Saka 
toOl, in his nd year, He belonged to a family of astronomers. His father 
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also Jiad bsen an Assistant in the Madras Observatory. A catalogue of stars 
has been compiled by the Madras Observatory, for which observations of 
many of the stars were taken by Cintamani himself. He discovered two 
Variable stars in 1867 and 1878. He was the first Hindu astronomer whose 
name is associated with a discovery of this nature. 

Works etc. 

He compiled a work entitled Jyotisa Cintamani It consists of three parts. 
The first deals with mean motions, the size and magnitude of the earth and other 
planets etc. The second is devoted to their true places and motions and the 
third, entiled 'Karana paddhati\ contains tables for planetary calculations. 
This work appears to have been compiled in the Dravidian (i.e., Tamil) language 
originally. A meeting was held in Madras in 1874 A.D. and the decision taken 
to arrange to publish its Sanskrit translation in the Tamil, Telugu and Devana- 
gari scripts. It was estimated that the cost of the publication would be 
Rs. 7,000 for 500 copies, the whole work comprising about 800 pages of demi 
octavo size. The book however, was never printed.* 

He used to publish an almanac, entitled Drgganita Panchdnga with the help 
of the Nautical A Imanac. The author has seen an almanac for Saka 1808, pub- 
lished after his death by his two sons. It seems to have adopted 22° 5' as the 
ayanamsa and the length of the year as given in the Surya Siddhmta. The 
elder son C. Raghavacarya died about Saka 1811. His younger son and 
brother-in-law, P. Raghavacarya, the First Assistant in the Madras Obser- 
vatory, jointly publish the almanac at present. 

KRSNA SASTRI GODBOLE, Birth Saka 1753. 

Brief Account. 

"He was a Citpavan Brahmana, belonging to the HiranyakeSi branch and 
of the Kausik gbtra. He was born on the 10th lunar day of the dark half 
of Sravana, Saka 1753 (i.e., on 1st September 1831) at WaL He studied, in the 
beginning, in a Marathi school at Poona and then at the Sanskrit PathSala 
and the Poona College. He had a liking for mathematics from his very child- 
hood. At the Sanskrit college he studied astronomy under the care of Sankar 
Jo£i. On the 19th of October, 1855, he was appointed a teacher in the Normal 
School of the Poona College. There he mainly taught mathematics. For 
some time during 1864-65, he had been appointed in the Colaba Observatory, 
Bombay. In 1865 he was again appointed in the Poona Training College. 
In 1866, he was transferred to the Hyderabad High School, Sind, and in 1867 
to a High School at Karachi. In 1872, he worked as Asstt. Teacher in the 
Poona High School and later on for some days more in the Elphinstone High 
School, Bombay. Later on, in the same year, he was made the Head Master 
of the Anglo-Marathi School, Phanaswadi, Bombay, and he remained there 
till March, 1882. Later on, he began to reside in his home at Poona, after 



*In 1874, there was a transit of venus across the disc of the Sun, Raghimatha Acarya 

had got its calculation published in several languages. His pamphlet in English contains 

an account of this laborious task. The auther has given the accent of Raghunatha 

Acarya ? mainly on the basis of this pamphlet and also from the information published 

n newspapers and sent to him by the well-known NateS&ismof Madras, 
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his retirement from Service. He died on 22nd November, 1886. While he 
was in Sind, he studied the Sindhi language thoroughly and learnt even Persian. 
He used to be an examiner for the Sindhi language, in the Bombay Univer- 
sity, from 1871 to 1879. 

Works. 

He and Waman Krsna Josi Gadre, jointly translated the GrahQiaghava* 
With examples, into Marathi and published it in Saka 1778. It is aimost a 
translation of the Viswanathi commentary. A second edition of this work 
is now published. Krsna Sastri has also written a book on the theory under- 
lying the Grahalaghdva in Marathi and it is learnt that he has corrected in it 
the errors in the Mallari commentary. It is worth publishing. In addition to 
this, a short article of his, on the history of astronomy, written about Saka 
1807, has come to the author's notice. The Jyotissastra, a Marathi book 
written on the basis of Chambers's book in English, was printed and published 
in 1862 A.D., but it is not now in use. A Marathi translation of Hudson's 
Algebra, had already existed ; he published it in 1854, after correcting it. 
It was in use in the Education Department for several years. In 1874 A.D., 
he and Govind Vithal Karkare translated in to Marathi four parts of Euclid's 
geometry. Before this date, a Marathi translation of Euclid's geometry by 
Nanasastri Apte was in use in schools. Later on, from 1885 A.D. the book, 
by late R.M. Devakule, came into use. In 1882 A.D. Krsna Sastri published 
an article entitled "Antiquity of the Vedas" in the Theosophical magazine 
and also got it printed separately. The author does not think that it contains 
any evidence on the strength of which it could be proved beyond doubt that 
the Vedic period was more ancient than 1200 B.S. (before Saka). He atteni- 
ted to prove that the antiquity of the Vedas extends beyond 30000 B.S., by 
interpreting the line "masanam Margasirsoham" from the Gita, as indicating 
that "the equinox used to occur in Margaslrsa". He published a book on 
Arithmetic in Sindhi in 1869 and a good book on Marathi Grammar also in 
Sindhi in 1 867 A.D. Its popularity is proved from the fact that it went through 
its third edition in 1895*. He also published in 1868 A.D. a boot on the 
Sindhi language. 

He had once published his view that the calculation for the five parts of 
the Pancdnga should be made on the basis of the mean places of the Sun and 
the Moon. 

Waman Krsna Gadre, referred to above, published in Saka 1791, a work 
entitled Pancdn'ga-sddhana-sdr. It contains a Marathi translation of the 
Laghu Cintamani, along with examples. The tables, however, contain a good 
many errors. 

Living Authors of Astronomical Works, 

1. Venkates B&piijl Ketkar : — 6 , 

(Birth date -.—Friday, the 14th lunar day of the bright half of Pausa, Saka 

1775). 



This has been printed by Ananta Kw>a, the son of the Sastri, who has given in it, th< 
biography of Krsnaiastrl. The above account has been given on the basis of the biograpn} 
as well as the information collected by the author. 



184 History of Indian Astronomy 

He is a Rlgvedi Citpavan Brahmana belonging to Gargya gotra. He is 
working as a teacher in the Education Department in this province since 1874 
A.D. He has been the Head Master of the English High School, at Bagal- 
Kot, for the last several years. He received most of his education at Belgaon. 
His father also was a good astronomer. He had rendered into Sanskrit 
Keropant's Planetary Tables, but it was not printed. For the last five or six 
generations the family had been living at Paithan. But Bapu left the place for 
Nargundas and later on shifted to Ramdurgas. He had the patronage of the 
Chief of that State. 

Venkates compiled a very useful work in Sanskrit, entitled "Jyotir- 
ganita" about Saka 1812. He has adopted in it, Saka 1800 as the epochal year. 
This has been compiled on the basis of those French works which are being 
used in compiling the Nautical Almanac. The planets' places, calculated with 
the help of this work, are very accurate, in fact they are correct within 1' as 
compared with those of the Nautical Almanac. "Never before has such a work 
been compiled in this province, not even in our country. This work has 
adopted for the length of the year the correct value of the sidereal year viz. 
365d-l 5-22-53 and 50" -2 (the actual value) as the annual rate of precession. 
Assuming Zeeta Piscium to be the junction star of Revatl, he has_ given its 
sa yana longitude, or in other words, the ayanamsa for the Saka year 
1800 as 18° 10' 25". The author had suggested to him to adopt for the aya- 
namsa a figure approximately equal to that of the Grahalaghava. A star 
whose longitude would be equal to it could have been adopted as the initial 
point. But even Ketkar has come to realise the fact that the ayanamsas 
can be nearly equal to those of Grahalaghava, by assuming 180° as the longitude 
of the star Citra (Spica). In short, if he had assumed 22° as the aproximate 
ayanamsa for Saka 1800, the author feels that Ketkar's work would have 
easily come into general use. The work mainly consists of four parts. The 
first coniains the calculation of the almanac. The epochal positions are all 
given for the moment of the true Aries Ingress. The second part treats of the 
calculation of the places of planets. It includes the mean and true longitudes 
of planets, the right ascension, longitudes of star etc., heliacal rising and 
setting of celestial bodies, and other subjects. The third contains the calcula- 
tion of phenomena like eclipses, conjunctions, elevtaion of moon's cusps. 
The fourth contains the calculation of the ascendant etc. required in the case 
of three problems. The treatment of each subject has, everywhere in the 
book, adhered to the following order :— Method, example, tables and then 
the theory. The work contains tables for almost all calculations, and the 
calculators who do not understand the use of trigonometry and longarithms 
can easily make calculations from the book. Keropant's almanac can be 
compiled with the help of this Book. This book has not been printed 
as yet. 

(2) Bal Gangadhar Tilak 

(Date of birth -.—Wednesday, the 6th lunar day of the dark half of 
Asadna of Saka 1778, the ascending sign being Cancer.). He is familiar 
not only in this country but even in foreign lands. He was for many 
years the Chief Professor of mathematics and astronomy in the Fargnsan 
College. 
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He wrote a book in English entitled ORION, in 1893 A:D. (Saka 1815) 
in which he has discussed in an accurate and elaborate manner the question of 
date of the Vedas and shown that some of the Vedic hymns were compiled 
when the vernal equinox was situated in the Orion group of stars, that is, about 
4000 years B.S. 

(J) Vinayak Pdndurang Khdndpurkar : — (Birth in Saka 1780). 

He was a Rigvedi Desastha Brahmana, belonging to Jamadagnya gotra 
and a resident of Khanapur, in Satara district. He has studied Sanskrit, 
astronomy and other subjects in the orthodox manner and also European 
mathematics and astronomy under the guidance of Keropant Nana Chatre 
and Raoji Moreswar Devakule, An Association known as the Veda-Sastro- 
ttejak-sabha was started in Poona from Saka 1796 and he was examined by 
the Association in the subjects of Indian Astronomy and Sanskrit Grammar. 

He has compiled a tajak work, entitled Vainayakeeya Dwadasadhyayt, 
by which the annual reading of a horoscope can be given with ease. He has 
similarly written the following books in Sanskrit : — The Kundasdr ; the 
Ardhakanda, a versified Sanskrit translation, of the general enunciations of all 
theorems in the two parts of Euclid's Geometry, and the Siddhantasar. In 
the last named work, he has explained the question of the movement of earth 
etc. according to the modern European view. He has translated into Marathi, 
Bhaskara's Liiavati, Blja and Goladhyaya, adding an explanation of the theory 
and he is at present translating the Ganitadhyaya. These works are not yet 
printed. 

(4) Sudhdkara Dwivedi :— (Date of birth :— Monday, the 4th lunar day of 
the bright half of Caitra, Saka 1782). 

He is at present the Head Teacher of mathematics and astronomy at the 
Sanskrit College, VaranasL He was appointed in the place of Pandit Bapudeva, 
after 'his retirement in Saka 1811. He was foVmerly the Chairman of tKe Library 
Committee in the same College, The title of Mahamahopadhyaya has been 
conferred on him by the British Government. 

The following are the Sanskrit works compiled by him: — (1) The Dir- 
ghavrttalaksana (saka 1800), The author described in details the properties of 
the ellipse, along with its theory; (2) the Vicitra Prasna (Interesting problems), 
Sabhang, in Saka 1801. This contains 20 difficult problems in mathematics, 
along with their solutions; (3) the Vastava Candra Smgonnati-sadhana^ After 
pointing out the defects in the calculation of the elevation of the moon's cusps 
by the methods advocated by Lalla, Bhaskara, Jnyanaraja, Ganesa, Kamalakara 
and Bapudeva, he has given in this, the correct method of calculating it ac- 
curately with the modern methods of European astronomy. This contains 92 
verses; (4) the Dyucara Cava (Saka 1804). This contains a discussion of the 
orbital paths of planets according to modern European astronomy; (5) Pintfa- 
Prabhakar (Saka 1807). This is a work devoted to the subject of house buil- 
ding; (6) the Bhdbhramarekhanirupana. This is devoted to the consideration of 
the subject of "Sucl-Chedana" corresponding to a given shadow; (7) the 
Dharabhrama: It considers the diurnal rotation of the earth; (8) the Grahapa 
Karana. This describes the method of calculating an eclipse; (9) the Golly a 
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Rekhaganita i.e. Spherical Geometry; (10) A Sanskrit translation of the 6th T 
11th and 12th books of Euclid, in verse form, and (11) the Ganaka Tarangini 
(Saka 1812); It contains a history of Indian astronomers. It was, in the 
beginning, published in Pandit, a monthly Journal of Varanasi. It was pub- 
lished separately in book form later on in Saka 1814 and containts 124 pages 
of octavo size. Most of the remaining works have been printed. The follow- 
ing are the commentaries edited or written by Sudhakara : — He edited the Yan- 
trardja in Saka 1804, along with the commentary, Pratibhd Bodhak, dated Saka 
1795, as also the commentary by Malayendusuri. He published Bhaskara's 
Lilavati, with a new theory and certain special features in Saka 1800. He also 
published Bhaskara's "Brja" with a new commentary. He wrote a commentary, 
"VasanaVibhusana" on Karana Kutuhala, which was printed in Saka 1803. He 
wrote in Saka 1810, a commentary named "Parlcasiddhantika Prakasa" on 
Varaha's Paicasiddhlntik&. The work containing the commentary, along with 
an English translation of the original by Dr. G. Thibaut, the then Principal of 
Varanasi Sanskrit College, was published in 1889 A. D. All these commen- 
taries are written in Sanskrit. In addition to these, he edited and published the 
*Chadak Nirnaya' by Krsna, "Siddhantatattva-viveka" by Kamalakara and 
"Dhivrddhida tantra" by Lalla, in the Saka years, 1806, 1807 and 1808, res- 
pectively. He is at present engaged in getting the revised edition of the Brhat 
Samhita with Utpal Tika through the press. He has compiled a work, "Bhasa 
bodhaka", in Sanskrit, about (the teaching of) a language. He has written 
two books in Hindi, on Mathematics, entitled Calan Kalan i.e. Calculus, and 
has also compiled a Hindi Grammar. 

The Ganaka Tarangini by Dwivedi is on the whole a useful work. From 
this and from all his other works his profound knowledge of Indian and Euro- 
pean mathematics and astronomy becomes evident. Still, he has, at places, 
passed some baseless and fantastic remarks in the Ganaka Tarangini such as the 
following :— " Aryabhata introduced the system of denoting numbers, by a new 
code with a view to keeping secret the numbers of revolutions and other elements 
which he secured through the favour of some Greek scholar whom he revered 
as a deity', or 'Bhaskaracarya has described the origin of jya at the end of his 
work, without explaining the underlying theory. It can be surmised from this 
that he learnt from some Grepk traveller only the method and not its theory'. 
He has the ability to compile a work in Sanskrit on the lines of the French 
works, which are being used in compiling the English Nautical Alamanac. It 
is desirable that he should compile one himself. 

FURTHER INFORMATION ABOUT AUTHORS AND WORKS 
BELONGING TO PERIODS PRIOR TO SAKA 950 

After about 250 pages of the present work were printed, the author came- 
across two or three books not seen before, which contains information about 
some astronomical works and he proposes to give here extra information 
collected from them. Mahomed of Ghazni had brought to India a Muslim 
scholar, named, ABU AL REHAN MOHOMED BIN AHMED AL BERUNI. 
He was born at Khiva in 973 A. D. He became a Minister to the King of that 
State. Later on, the province was conquered by MAHMUD and BERUNI was 
brought to India, as a man under surveillance. Beruni lived in India from 
1017 to 1031 A. D, He wrote a work in Arabic, entitled INDICA, about the 
year 1031-32 A. D, (i.e. gaka 953). It contains a description of several sciences 
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• t a\* n»nmi had learnt Sanskrit and had studied several 
then. known ^^Jf^Sdpdd special" attentioi! to astronomy and 

sasiSffi^ ^^^^s^ g * thered mainly 

from this work about authors who lived before baka »3U. 

SPREAD OF HINDU ASTRONOMY AMONG MUSLIMS 

someyears. D^^^^^j^Xffisid * "1A.D- 
ambassadors were sent to his court by termer o hands of these 

T^^«T?^£taZ£H^ta Sanskrit were translated into 
astronomers that some astronomical wuikv^ ^ -770 a r» r>nrine the 
Sic. A Hindu astronomer was sWyjug at Baghdad «£^™?S*J*r 

diflreren^Sanskri t^astronomical wor ks^ : __ 

The Arab astronomers AL FAZARl, YAKUB-BIN-TARIQUE, and ABU 
AT HASAN lived in the latter half of the 8th century A. D. They compiled 
domical works in Arabic with the help of the Indian astronomers referred 
J^SvrThese works are not at present available; still Beruni had wth 
h^ the works written by these three astronomers. He has often referred to he 
^^mX mo. Those works contained several of the foJh> 
wina suhiects usually found in Sanskrit works, viz. measures of t me, num- 
berl fo the revolXs of planets in Mahayuga or Kalpa ; lengths (in yojana* 
ofmanetarySs, calculation of ahargana for finding the mean positions) 

So Sc when Yakub compiled his work. That translation may have 
been made by Al Fazan. 

THE PULISA SIDDHANTA.— 

Beruni had this Siddhanta with him together with a commentary on it. 
He ^sXmdatS tt into Arabic. He has given the number of revolutions of 
Planets and hose savana days in a Mahayuga, etc., as ^^ *»> ^JSj 
and they agree entirely with those cited by Utpala as belonging to Full* 
SMdhlnta These numbers have been mentioned before (page 18). The> 
dfnor?ontaTn"he n numbers of the revolutions of Rito ^™£**>g 
which have been given by Beruni as 488219 and 232226 p "^^/^ 
longitude of the sun's apogee has been stated to be 80 . Beruni states that tn 
Pulito siddhanta describes the yuga system ace ordinr to * 2;g 
gives 1008 as the number of Mahayugas in a Kalpa and 14 Manus consist ingo 
72 Mahayugas each. The 'twilights' (Sandhyas) and 'semi-twilights (San 
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dhyansas) are, of course absent and the Yuga is supposed to begin at midnight. 
He says I think that Puhsa siddhanta is the name given after Paulis, the Greek 
xesidentofthecityofSaintra,andthat Saintra is the same as Alexandria" 
But he also observes that the Greeks had no yuga system among them. It 
clearly shows that Utpala's Pulisa siddhanta was widely used at the time of 
Beruni. 

• ^^u^,^- 7 - ; r Be ™ n! cites the numbers of revolutions of planets 
fJT m Abu-al-H a sans work and most of these tally with the numbers given 
by Aryabhata I ; and those that do not differ probably through the errors of 
S n L ^ h + ad Tl h ^ some P artof ^ work Iryabhatlya and its Arabic 
Manstr translatlon mUst have been made during the reign of Caliph 

trxZifi 1 ^ MIH * R £ --Beruni has given Saka427as his date. Beruni had 
^mlrv i M W °»\ S B J hatsa ?hita and Laghujataka into Arabic. The com- 
mentary on the Brhajjataka by Balabhadra has been referred to by Beruni. 

ftvtfn a f- Wr A eStha , tVar5h ?; S T rks Yo * a Yatra^ndVivdhapatal are available 
tl vIT 1 ' T Accordm S t0 Utpala, there was a work entitled "Samasa Samhita" 
oy varana. It may have been an abridged version of Brhatsamhita. ' 

ob£?vi?«^l TA : r° n the basis ° f Beru *' s works > Prof ' Sacha » 
ri?it?f~ ' ^l^guPfc occupies an important place in the history of oriental 

know nf Brahma « u Pta taught astronomy to the Arabs before they came to 
Ar-t^H' f l< S WOrks ' since ' Terences to the works 'Suidhind' and 'Al- 

Bt^hmt!^ y ^ OCC ^ T l n Arabic literature J th ese are the translations of 
7l«H.T g P \ S W0 ? S > Brahma Siddhanta and Khandakhadya". The tran- 
innlTc ? ay ^ be f n made durin S the rei S n of Cali Ph. Mansur, and it 
iffcft, 1S ' that Brah magupta's works had a wide spread influence 
mJuL *¥I mc ?\ Beruni has repeatedly referred to Balabhadra's com- 

and kL a*\ ^ khandakhadya. Beruni had translated Brahma Siddhanta 
Zdf t? v dya ™ to Arabic ' He observes that the Arabic translations 
^ai1*hi?° re P S « me Were not correct - These translations have not been 
remark, fl S t °. * , B ? W had Uved mainl y in Sind for a g°° d many years. His 
eZir,;?, Vefal plaCeS ,' show that Brahmagupta's works had a great influ- 
ence in that province in those times. 

d fl tf" 4L ^ , * : rI he aUth P r of the Ga ? aka Tarangini also gives Saka 421 as his 

jTarlcarv, w ?u™P^t n proved (P a S e 94 ) that it is wrong. Bhas- 
Jcaracarya has, in the Goladhyaya, quoted Lalla's verse on the calculation of 

HvedVa^ifer^ rSJ^^ t0 S* Aryabhata of Kusumpur and to another Aryabhata who 

tha the Arvahhat a ~ *£ r cou!dnot obtain the work of the older one, but Beruni remarks 

BeruS afSo nwl s 5f Ump !J- was „ hi ? follower - Both of them have been referred to by 

pletely applies tn f ih. I *\ ^ dl u g al! those Phages, it is found that the description com- 

The numbed of revolt &t °/ , the tWO A^bhatas formerly described (page 51 and 95) 

duTereSteonefro^ by Beruni as to 

was not the fXwer^f^ ^ 6 / £ ry ^'^ , do not ap ^ to the second Aryabhata, and he 

Bemni are in fa^Tonl ,nH tl' Fr ° m thlS * folIows that the two Aryabhatas referred to by 

popedom Lre'The%^lH a Sa T^ P . erSO ?- * Even Prof - Sachau » did not note this fac t 
before BeruiS a^dlhh™^ > Aryabhata who figures in the auhors account, may have lived 

that he laboured nnrfiA 8 - "/ CVld ! nt that his work was not seen °y Beruni, it appears . 
Aryabhata Thk ^Sk *tT£ ,nde f rstandin 8 du * »° hearsay reports about ?he existence of two 
a half before Itff °J he '"/erence that Aryabhata II, may have lived only a century or 
.a nait before feaka 950, and confirms the author's former estimate of his date., 
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the area of the surface of a sphere and refuted the method suggested in it- 
This shows that Lalla may have written a work on arithmetic. Sudhakara 
says that, he may have a work to his credit even on algebra. Berunl's works 
contain something or other by way of description of famous astronomers who 
tlived before saka 950; but they do not mention Lalla's name even once. It 
shows that at least till Saka 950, Lalla's works were not well known in Sind, 
Punjab, Kashmir, even the major part of Northern India. From this and from 
the fact that the first Arya Siddhanta, as modified by the application of Lalla's 
cor rections, was in use in the Deccan, he appears to have been a resident of the . 
Deccan. 

SRIDHARA : — His work on arithmetic, known as "Trisatika" *consisting 
o f 300 couplets, is in the Government Library, Varanasi and it has been re- 
marked in the very beginning of the work : 

"Srldharacarya, after saluting God Siva, compiles for the benefit of the 
public, this work which contains the gist of his (earlier) work on 'Patiganita' ~ 

This means that Srldharacarya must have compiled a second work on. 
Arithmetic which was larger than the Trisatika. The Trisatika used 
many unusual terms like stambhoddesa for istakarma (unitary method), pratyut- 
panna** for gwriakar (multiplication) etc. which are different from those used 
in Lllavati. It includes chapters on both arithmetic and mensuration. There 
is a work named Nydyakandali on logic, and its author's name also is srldhara.. 
The work was written in Saka 9 13. Authors of works other than astronomical 
do not generally mention their dates. It appears from this, says Sudhakara,that 
the author of Trisatika and Nyayakandali is the same one person. Baldeva 
was the name of the author of Nyayakandali and his mother, Abvoka. The 
village of Bhurisrsti in the territory of Daksinaradha was his place of 
residence. 

Bhatta Sndhara compiled the work Nyayakandali on the request of Pandu- 
das. This account, however, is not given in the Trisatika ; and the date' of 
Srldhara, the author of Patiganita, as established from the date of Mahavlra 
above (page 95) is more reliable than that inferred simply on the basis of 
the similarity of names. Mahavlra has quoted Sndhara as follows :— 

^tit Erwnsr't't ^ **r>f 3*ft: wrt ii 

It is true that as the line is in 'anustup' metre it could not have occurred in 
Trlsati which is compiled in Arya metre ; still it may have been borrowed from 
Srldhara's larger work on Patiganita or from his algebra. The Aufrecht Cata- 
logue mentions "Trisatiganitasara" as a work by Sndhara. It appears from this 
that Srldhara's work Ganitasara, procured by Colebrooke and the Trisati men- 
tioned by Sudhakara are one and the same work. There is another work, 
Jatakapaddhati attributed to Srldhara which may have been compiled by 
Srldhara, the author of the Patiganita. 

* This has been stated chi efly on the basis of the Canaka Tarangivf. 
** The term prtayutpanna is found i n Brahmagupta's works. 
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BRHANMANASA KARA NA .-—According to Beruni, the auhor of this work 
is Manu, and the work has a commentary by Utpala and it was reproduced in an 
abridged form under the name of Laghumanasa by Munjal. As the Laghu- 
manasa belongs to Saka 854, Brhanmanasa may have been compiled about 
Saka 800. 

BALABHADRA:— Beruni has given several quotations from his works 
. or his commentaries. According to Beruni, he had compiled works on each 
of the sections "Ganita, Samhita and Jataka", and had written commentaries 
on the Khanda Khadya and the Brhaj jataka. The work on "ganita" has been 
called a 'tantra' by Beruni, which indicates that it advocated the calculation of 
ahargana from the commencement of Yuga. The quotations given by Beruni 
show that there was also a commentary by Balabhadra on Brahmagupta's 
Siddhanta. Beruni has given quotations from the commentary on the "yoga- 
iastra' of Patanjali, and Prof. Sachau infers that the passages were written by 
Balabhadra as is indicated by the context; and as the major part of the passages 
is devoted to questions of astronomy, the inference seems to be correct. Bala- 
bhadra's works mentioned the latitudes of Kanauj and Sthdneiwar, which indi- 
cates that he may have been a resident of that area. His date appears to be 
about Saka 800. 

KARAtfASlRA BY VITTESWARA (Saka 821) 

Vitteswara, son of Bhadatta (or Midhatta) had compiled a work called 
Karanasara. It has adopted Saka 821 as the epochal year. According 
to Beruni, Vitteswara was the resident of Nagpur. His work mentions 
34°-9' as the latitude of Kashmir ; and it refers to the motion of the Sap- 
tarsis (the Greater Bear), on which the popular system of reckoning time, 
currentin Kashmir, is based, and from this I feel that he may have been a resi- 
dent of Kashmir. The Karanasara described the method of calculating the mean 
longitudes of planets from the epochal planetary positions given for the 
moment of the mean Aries Ingress. Beruni has given the method (mentioned 
in the work) of finding the tithi at the moment of mean Aries Ingress (tithi- 
suddhi) in terms of degrees, which can be explained -if the number of revo- 
lutions of the Moon in a Mahayuga be assumed to be 57753336. This number 
is given in the Surya, Siddhanta the Pulisasiddhanta cited by Utpala, and the 
First Arya Siddhanta Beruni had with him the Arabic translation of the work 
made by some one else before his time. The Aufrecht Catalogue does not 
mention this work at all. From this it seems that it is not available anywhere 
now. There lived one Vateswara who was the author of some astronomical 
works ; and this Vitteswara mentioned by Beruni may have been the same as 
Vateswara. 

LAGHUMANASA BY MUNJAL (SAKA 854):— Munjal was a resident of 
the Deccan. He compiled Laghumanasa which was an abridged version of 
Brhanmanasa. Beruni observes that it has adopted 6°-50* as the ayanamsa 
in Saka 854 and 1' as the annual rate of precession. From this, according to 
Munjal's view, the zero precession year comes to Saka 444 elapsed. Beruni 
has stated the name of the author to be something like 'PunjaT. The author 
of the Ganakatarangini writes, "I have seen Laghumanasa, a short work of 60 
verses in ;anust U p' metre. It belongs to Saka 854. The work does not men 
tion Munjal's name explicitly, but contains at the end the line 'thus ends (the 
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work) compiled by Munjal Bhatta'. Colebrooke has recorded the dates* 
of some astronomers as furnished by the astronomers at Ujjayinl according 
to which the date of MunjSHs Saka 854. Bhaskaracarya has 'given the 
equinoctial motion as mentioned by Munjal. This shows that the author of 
Laghumanasa referred to by Beruni, is Munjal himself. Muniswara has given 
in his commentary called Marici, the following quotation from Munjal :— * 

"While the celestial bodies move in the sky from north to south and again 
from the south to north, a very small variation takes place in their declination. 
The (ascending) node in which the celestial equator and the ecliptic in- 
tersect is the First point of Aries, Mesadi and it gives the 'East'. The second 
node is the first point of Libra (Tuladi), and these two points never change 
their declination value (which is zero). 

The first point of Cancer (Karkadi) is at a distance of three signs (i.e. 90° 
and after a distance of three signs more, comes the position of the first point 
of Capricorn (Makaradi). These give the positions of maximum declination 
Which is 24 degrees. 

The solsticial points (which mark the junctions of ayana's) show a move- 
ment, and the number of their revolutions in a Kalpa is counted as 199669." 

These verses are in Aryametre, and they mention the number of revolu- 
tions of the 'ayana point' during the Kalpa, which is uncalled for in a Karana 
work. The author of Ganaka Taranginl states that these verses are not found 
in the copy of Laghumanasa which is composed in 'anustup' metre. In the 
beginning of Laghumanasa there are the following lines **: — 

"Bharadwaj, the best of Brahman as was well known like the sun giving light. 
j compile another Laghumanasa work which would give accurate results*" 

It appears from this that Munjal had compiled another work named Mana- 
sakarana. But Beruni observes that the author of Brhan Manasa was one. 
Manu. It is not known if the above verse should be interpreted as "Murjal 
after compiling a work Laghumanasa, compiled another work 

* Essays Vol II, page 461. 

** The description of Laghumanasa given hereafter is based on Gartakatarangiw. The 
author of the Ganaka Tarangw has mentioned the date of Laghumanasa, at some places 
as Saka 854 and at some others as Saka 584. The figure 584 is clearly an error due to over- 
sight, as can be seen from the word "Krtesvibha" (854) occurring at two places in the work 
as Saka number and from other proofs also. 
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Laghu laghumanasa (i e. a shorter version of Laghumanasa than the one exist- 
ing before)." The above aryas' may form Munjal's second WMk^tiSed 
Laghumanasa or Munjal himself may have been the author of Brhan Manasa 
and it might have contained these verses. .uomvwudM 

The work Laghu Manasa contains epochal positions of planets true for the 
noon of Sunday the first lunar day of the bright half of Caitra, Saka 854 
(elapsed). The planets places are to be calculated from the ahargana It 
contains 8 chapters dealing with the following subjects :- mean places, true 
places tithi,three problems, conjunction of planets, solar eclipse, lunar eclipse, 
and elevation of moon s cusps The above verse states that Munjal was a 
Brahmana, belonging to Bharadwaj gotra. It is a very important point to note 
that no available human' (paurusa) work compiled before Munjal's time, 
explicitly mentions the motion of the 'ayana'-point. Munjal has mentioned 
a special correction to be app hed to the true place of the moon, wnich is not 
to be found in any other work. This shows that Munjal was a remarkably 
ingenious research worker. * 

The Government Library, VaranasI, has an incomplete copy of Laghu- 
mana f,a,,T ta T ng ? lved , exam Ples. Id these examples, the laka 
S li haS beeD a ?° pted and the '^hruvaks' have been given for Saka 
1400. The correction cue to ascensional difference and other corrections are 
applicable with respect to the town of Kampilya. According to Sudhakara, 
the author of this commentary may be Parameswara, the author of the com- 
mentary on Aryabhatiya since the statement that "a commentary has been 
written on Laghu-Brhan Manasa" occurs in the commentary on Aryabhatiya 
But this is not probable, because, the author thinks that Parameswar belonged 
to Malabar The above 'example' shows that Laghumanasakarana was 
in use till Saka 15C0 m some territories. 

^ R Iu B e HA n A H -~ U has alread y be en shown (page 188, footnote) that 



he lived before Beruni 



PRTHU SWkMI :-Beruni writes, "Prthudak Swami is the author of 
some astronomical work ; but the name of his work is not known to me " 
It shows that the commentaries written by Prthudak Swami were not well known 
m the times of Beruni at least in the Sind Province. Beruni has quoted a 
passage from the work of Aryabhata of Kusumpur to the effect that Prthudak 
Swami adopted 120 yojanas as_the distance of Kuruksetra from ujjayinf Since 
none of the, works of the two Aryabhatas mention Prthudak's name, it seems 
that this may have been a passage from a commentary on Aryabhata's works 
(It appears at many places that Beruni was led to believe that the matter 
occurring in the commentary, belonged to the original text.). The commentary 
existed before Beruni and Prthudak lived earlier than the commentary From 
this his date may prove to be somewhat between Saka 850 to 900. 

BHATOTPALA :— Beruni has mentioned some works of this author in 
addition to those enumerated by the author (page 101). They are -—The 
Karanaworks— Rahunnakarana and Karanapata, and a commentary on 
Brhan Manasa The names of Karana works appear to be curious and the 
7°., r ^ aworks could not P° ssi bly have been compiled by one man. Evi- 
l en + 7t + i re u"? S SOm ^ ™ sun derstanding, on the part of Beruni. He says 
that Utpala had compiled another work, Srudhava by name ; there seems to 
be some error in the name of the work. Beruni has quoted measures of time 
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etc as given in these works. He writes that there were still other works named 
Sruahava He has given some idea of the questions dealt with LXm whfch 
suggest that these may be some works on 'omens' or on horary a^troloiv 
KARANA TILAKBY VIJAYANANLl (Sata 888) ■ 
Beruni says that Vijayanandi, the commentator, who was a resident of 
Varanas , compiled the work Karana Tilak. Beruni has described the Sods 
of calculating ahargana given in the work, the calculation ol mean^ pl^ es 
from ahargana, finding the discs of the Sun and the Moon for caLlatTnir 
t V G?ahtla^ ? h Maha P ata etc - . .* certain, subjects similar "for 
h/vS r <•* I Z a '6 h ? e c P o 0chal P° sltl ons given are true for the first lunar 
day of Caitra Sukla Saka 888. Dr. Sehram writes in his notes that the method 
of calculating the ahargana is similar to that of the Pulisa Siddhanta V^aya 

even whS ar th S that ^ hke Dhani ?* a " a * d Uttarabhadrapada do not ^set 
even when they are in proximity to the sun. The Aufrecht Catalogue does 
not mention this Karana work. It seems that this Karana work knot at 
present available anywhere. The Vijayanandi referred to by vlrlha MmJra 
was much more ai cient than this Vijayanandi. 

a'ta^w^F^^^ 7 - 116 has ' ^cording to Beruni; compiled 
5-HSlS, WO pV a c me ? Ra u sa y ana Ta «tra, ar d a Karana work entitle d, Karana 
paratilak. Prof. Sachau believes that the author's name may be pronounced 

rla?a 965rh a °, r K enaSB , hanUya ^ Va ™*'* commentary on KhandakMdyS 
S fm^ h b J r ^wedsome Anustup verses, from Bhamtbhatta's work 

he wo?r«*TLr/RZ antra » Ras5yana '\ A is not ex P licitly ^ated there th* 
context shol^t I f S K ayana was compiled by Bhanubhatta himself, still, the 
° n ft sh0 ™ A . ^ be so ; and hence, the Bhanuraja (Bhariurajju) refeVred 
samTner^n "ft- ^ c t Bh5n «t>hatta referred toby Varuna appear to fcT hS 
do?s not ^t,' S l at ! $** be aboUt Saka 90 °- The Aufrecht Catalogue 
fhat Z^T U e,thef b J. S , name or that of his work. It appears from this 
Wr£ ir 7% ks are P r °- bably not available a nywhere at preSnt. The word 

of calcuSin/nl 3 * aS{ ? ana 'i 5Ugge i tS ? at the W0rk had ad °P ted Ae ^thod 
oi calculating planets' places from the beginning of the Yuga. 

° T HER KARANA WORKS-Mttr enumerating the names .of some 
BhS T* S l *i th £ Kara * a Ctidamani, tokananda Karana by LokinanTa 
fema^ th K a f^ by Bha « ila ^ Beruni winds up the description with ^ 
suD^ort, thl • r rC are 1 ° nun ? erabl e such works". This statement of Beruni 
SIZ wl mference tba * have been drawn before (page 120) It was 
needTn?SV that ^ Veral Kara * a WOrks Game into existent fccordng to The 
eyttifth^ tUmei an , d tS 1 ^ They are not a11 aVailable at P^sent, and 
however Z f T av ? llab ^ th ? y would ^ of no actual use. They will, 

anJtW «f ? Und US - ful ln . tracin « the hi8t °ry of our country in gene** 
and that of astronomy m particular. 

Or-fltfi? imRtfS ^A^z> AUTHORS BELONGING TO PERIODS 
LATER THAN $AKA 950 * 
SritSS?^ 77 : ,~ Mun ^wara's commentary on LllSvati contains passages from 

fc ta W °Tt *$2l!*T iMt he H corned works oh p P a t iga £t a and 
«jjaganita. The following lines occur m those passages :— 

1 DGO/ S 69 nf ° rmati0n haS b * Cn ^ thered mainIy from the Ca "°*« *W«V*.f. ~"~ 
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This describes the method of finding the value of shadow directly from 
the arcs without making use of tabular sines. Bhaskaracarya has shown the 
calculation of chaya without sines & arcs. Ganesa Daivajnya has succeeded 
in carrying out all mathematical work in his Grahalaghava without the use of 
sines & arcs, (see pages 133 to 135). This idea, Sudhakara observes, must have 
occurred to him from Sripati's method. According to Sudhakara, Sripati 
had compiled Ratnavali and Ratnasara, as additional Muhurta works. The 
Aufrecht Catalogue mentions Ratnasar . This work may have been an abridged 
edition of Ratnamala. The compilation of the other work, Ratnavali, does 
not seem very likely since these two works on Muhurta were already in existence. 
Perhaps the work Ratnamala itself may have been called Ratnavali by some 
people. 

KESAVA: — Kesava, the author of Vivahavrndavana (pagel27) has 
stated in. that work; in the verse "Tribhaga sese dhruvanamni" etc. that the 
'vyatipata* type of 'mahapata yoga occurs when the third part of the "Dhruva 
yoga" is still to pass. This condition w r as true when the anyanamsas were 
about 12i°; and in his commentary on the verse GaneSa Daivajnya says, "this 
has been so stated because, the anyanamsas at the time of compilation of the 
work were 12°". This means that Kesava, the writer of the work, /Vivaha- 
vrndavana, lived when the ayanamsas were 12°, that is, about the Saka year 
1165. The work, in the chapter on Lagnasuddbi, mentions 4-48 as the pala- 
bha of 'Narmadi' (a city on the bank of the Narmada). The latitude corres- 
ponding to this palabha comes to 21° 48/ The latitude of Broach,, a city 
situated near the mouth of the Narmada, is 21°-41\ This shows that his 
place of residence in those days may have been a town on the bank of the 
Narmada. 

XjRAHA SIDDHI BY MAHADEVA :— (page 123). The verses in the 
work, giving the account of his family which have befen quoted by the author 
of the Ganaka Tarangim are correct. They show that the names of his an- 
cestors, from the father backwards were Parasurama, Padmanabha, Madhava 
and Jojadeva; and he was a resident of Rasin, near the river Godavari. The 
palabha of the place was 4£. There is a village named Rasin situated to the 
south of Ahmednagar but its palabha is only 4 and -it is not situated near 
the Godavari but near the river Bhima, in Maharastra. The opening part 
of the verses giving his family account runs thus : — 

From this and from some other clues mentioned before (page 124), he 
appears to be a Gujerati. Though originally a native of Gujerat, he or one 
of his anscestors may have shifted to Maharastra. 

KAMADHENU KARANA BY MAHADEVA :— (Saka 1289) 

Mahadeva, son of Bopadeva, a Brahmana belonging to Kaurtdinya gotra 
residing at Tryambak on the bank of the Godavari and enjoying an honorable 
position at the court, compiled the work, Kamadhenu, which follows the 
Brahma pak§a and Aryapak§a, It contains 35 verses and tables, and it gives 
the annual motions and epochal positions of planets. It is claimed that the 
tithi can be calculated by collecting figures from 22 tables. 
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GAftGADHARA (Saka 1356) 

, «-■ r a«*« fi p Sato 1356) he compiled a tantra work, named 

; In the Kali yea 4535 (i.e. Sato U*>) U» P Thefe is a copy 

-Clndraman.' It follows the mooer n pj^* it explains only the methods 
of this work in the Government Library Varana i. It exp ^ ^ ^ ^^ 

of calculating mean and true £^^£gi m the number oflunar months. 
The mean p ositions w t it ^^jf.Xve been included in it. Gangadhara 

Monomer, flCanda^ was born m this J^^',,2^,^ 
follower of the Surya -S^^.™ m ^ fi fficu ?t to understand his 
ygffijL SS2?ff^k£o easily ineligible verses. Viswanatha's 
date is not given. 

of Mahadeva's work. Krsna Sastri Go 4°° le °° se n 7 KeSava Daivajfiya. 
manuscript : "Nrsimha, son of Rama and grandson of Kesav ^MV^y 
compiled a work entitled Graha Kaumudi in Sato .1510. Tf ^^a 1480, 
NVsimha is Saka 1470" One of the ^g^nta ™ ££ t % planets 
mentioned above, must be erroneous. ^WjJ^™ the given 
places should be obtained after multiplying the ^ference between ^S 
year and Saka 1480 by the annual motiins, the latter .^te ca nn°t be wrong. 
Nrsimha may perhaps have compiled this work some years after Saka 1480. 

t 

CHAPTER 2 
THE UNIVERSE , 

gA general description of the Universe has been given in the 1 [NTR°DUC- 
TION (page XXIX of Part I) Now let the ^J«^. d, ^^?^ 1 2 1 ^ii 
It has already been told (page XXXI of Part ^^^^f^SiM 
their orbits has been assumed to be the same, and it is abou t 11858, yojanas 
in one day. And it is also assumed that each planet J^, 1 "- °^ h f r f P ^ 
length eqnal to the circumference of the circulating of ^Jj^gf^biS 
other words, the length of the celestial orbit* is equal to the »™ ^ ^£™£ 
lengths of the revolutions made by each planet m one Kalpa Hcnc*fl»U^ 
of aplanet'-s orbit is obtained by dividing the :lengtl iof the orb .of ^the celestial 
sphere by the number of revolutions .made by each planet in ■ one Kaipa. 
The Surja Siddhanta gives the measur es of orbital lengths as follows .- 

"T*The orbit is really that path in the sky along which a ^l^^ t ^°^ T d a 
«he Earth. The word "celestial orbit," however does not convey that otrong- .As ■ * 
Jitter of fact, the celestial orbit has no independent existence. It has been assumed only to 
facilitate the calculation of the lengths of planetary orbits. i4 A 
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Planet 



Orbital length in 
Yojanas. 



Planet 



Orbital length in 
Yojanas. 



Moon 

Mercury's 
mean elongation 

Venus's 
mean elongation 

Sun 

Mars 



324000 
1043209 

2664637 

4331500 
8146909 



Jupiter 
Saturn 
Starry belt 



51375764 
127668255 
259890012 



Celestial sphere 18712080864000000 
(sky) 



MOON'S DISTANCE FROM THE EARTH 

All the siddhanta's except the first Arya- Siddhanta, give the same daily 
motion, in yojanas, to the planets. Still, as the number of days in the Kalpa 
vary with each siddhanta, the length of the celestial orbit and those of the 
planets also differ by a small quantity, it would be of no use to give all these 
figures, since they contain very little truth. Most of the data are merely 
imaginary. The moon's orbit, however, has not been determined by imagi- 
nation. There is a great degree of truth in it. The length of 1 ' arc of moon's 
orbit in its plane, has been assumed to be equal to 15 yojanas by all except 
Aryabhata I. Hence the length of the complete orbit comes to (360 x 60 x 1 5)= 
324000 yojanas ; and the mean radius vector of the orbit comes to 51566 
yojanas. This is the moon's distance from the Earth. The radius of the Earth, 
according to the Siirya Siddhanta, is 800 yojanas ; hence, the moon's distance 
from the Earth is 64*46 times earth's radius. According to modern disco- 
veries it is 50 96 times earth's radius. The distance Of the moon from the 
earth and its orbital length, as determined by the authors of our siddhantas 
are so very near /the truth that they deserve to be congratulated on having 
been able to establish such a correct measure. 

The motions of planets in their respective orbits have been assumed to be 
the same and the lengths^ of orbits ar£ found by dividing the length of the 
celestial orbit by the number of revolutions of planets in the Kalpa. This 
amounts to assuming that the times required by planets to revolve in their 
orbits are proportional to their orbits, that is, to the distances of planets from 
the Earth. But this is not true according to the modem astronomical theory. 
The modern theory established by Kepler and confirmed by NeWton and Others 
is that the square of the revolution period of the planet is proportional to* the! 
cube of its distance from the Sun, 

DISTANCES OF PLANETS FROM THE EARTH 

The distance of the Sun from the Earth comes to 689430 yojanas according 
to the Siirya Siddhanta, i.e. about 862 times the Earth's radius. But according 
to modern discoveries, it is atom 23300 times the tadias of the Earth. Th« 
distances of planets farther than the Sti«, as given m our Siddhalrtas, are still' 
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jriore erroneous. Our astronomers have not determined the lengths $f plane- 
tary orbits and the periods of their revolutions after first determining the 
length of the Celestial orbit and the mean daily motions of planets in their 
respective orbits in terms of Yojanas, by actually taking observations. It is 
quite clear that they first determined the periods of revolutions and the length 
of the moon's orbit by observation, arid then, on the basis of these figures 
they fixed the lengths of the planetary orbits and that of the circumference of 
the celestial sphere. The Panca Siddhantika does not mention the lengths of 
the orbits of planets and that of the circumference of the celestial sphere in 
terms of yojanas nor does it mention the length of the moon's orbit; it appears, 
therefore, that the original Surya Siddhanta never contained this information. 
The modern Surya Siddhanta does give these measures ; and the author has 
arrived at the conclusion that the modern Surya Siddhanta existed before the 
Paiicasiddhantika. It is not, however, improbable that the lengths of plane- 
tary orbits may have been interpolated afterwards*. Secondly all the sid- 
dhantas except the first Arya Siddhanta have given 15 yojanas as the length 
of the moon's orbit subtended by one-minute angle. Thirdly the positions of 
planetary orbits are fixed, and the planets always movQ^ through them. The 
places of the orbits do not change. Hence, the statement that all planets 
make a revolution of the sky only once in a Kalpa has no meaning. Bhas- 
karacarya plainly remarks, 

q-T^fcT *#f^ 5R5RW Sffaf ^sm*Tfire *Tcf ?r: 1 13 II 

% far SPSTT^R 

* • • 

"The Universe may or may not be limited by the Celestial orbit. It is 
the writer's opinion that earlier astronomers have defined "the circumference 
of the celestial orbit" as equal to the total length in yojanas moved through 
by a planet in a Kalpa." i 

Our as tronomers fixed the lengths of the planetary orbits from that of the 
moor and the time taken by each planet for making one revolution The 
principle, assumed as basis, that tue time of a revolution and the length of the 
orbit are in proportion, was not true, and hence, the measures of orbital 
lengths have proved to be wrong while the length of the circumference of the 
celestial orbit is found to be utterly fictitious. 

Although the measures of orbital^lengths and consequently the planetary 
distances from the centre of the solar system are erroneous, as explained 
above, still the radii vectors of planets which are their distances from the centre' 
°f the solar system, mostly agree with their modern values, when calculated 
°n the basis of the correction known as annual parallax whose values are 
given in our ancient works and which in fact are the variations affecting their 
t . rue places as the result of these distances. This will be seen from the sub- 
J oined table in which the measures given by 

*An ancient work like the Brahma Siddhanta compiled in Saka 550, does give these 
^asures. Hence, if these measures have found an entry into the Surya Siddhanta later, 
™ty may have done so very soon after Saka 550, 
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Ptolemy* are also noted : 



Planet 


Surya Siddhanta 


Ftclcn-y 


Mot em 


r— 

even 
quadrant 


odd 
quadrant 


\ 


S„n (or Earth) . 


1 


1 


1 - 


1 


Mercury / . 


•3694 


•3'667 


•3750 


•3871 


Venus . 


•7278 


•7222 


•7194 


•7233 


Mars . 


1*5139 


1-5517 


1'5190 


1<5237 


Jupiter , .. 


5-1429 


5-0000 


5-2174 


5'2028 


Saturn 


9-2308 


90000 


9-2308 


9-5388 



The measures calculated from the Surya Siddhanta have been given above. 
The radii vectors of Mercury and venus are calculated by dividing the length 
of the circumference of the epicycles of conjunctions** by the lengths of the 
planetary orbit i.e. by 360 and those of the Superior planets by dividing 360 
by the circumferences of the epicycles of conjunctions. 

It has been remarked above that the length of the moon's orbit according to 
Aryabhata I is different . It is obtained as follows : 

qfi r C TC PPg *tt TO WjflRTRTtgi'nf'Rr ^o^^osr^o *T<jtt: i i V i i 

"The length of moon's orbit in yojanas is given by multiplying the total num 
ber of signs (i.e. 12) by 30, 60 and 10". 

In this it is stated that the number of minutes of arcs in the moon's orbit 
multiplied by 10 gives the length in yojanas. In other words, here 1' arc is 
taken to be equal to 10 yojanas, while other siddhantas have taken it to be 
equal to 15. This appears to be contradictory toother siddhantas at first 
sight , but in fact, there is no contradiction. The following table will show that 
just as the length of the moon's orbit given in other siddhantas is 3/2 times 
that given by Aryabhata I, so also are other measures :— 



Yojanas according to First 
Aryasiddhanta 



Diameter of the Earth 
„ Sun's disc. 

,, Moon's disc. 



1050 

4410 

315 



Yojanas according to 
Siddhanta Siromani 

1581 
6522 
480 • 



* Ptolemy's figures have been taken from the translation of the SOrya Siddhanta by 
Burgess, and the modern measures from the work of Loomis. 
** The lengths of circumferences of the aphelia and the perihelia have been men- 
tioned later on. The question will be discussed at greater length later on in the 
chapter on true places. 
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The distance of the moon from the Earth comes to 34377 yojanas, according 
to the First Arya Siddhanta. This figure is 65.5 times of 525, which is the 
Earth's radius according to that Siddhanta. Hence, from a relative point 
of view there is no cotradiction. The difference in the actual numerical 
quantities appears to be due to the difference in the measure of the unit, 
'Yojana'. Lalla is mostly the follower of Aryabhata I, and hence, measures 
given by him are Similar to those given by Aryabhata I . Those given by 
Aryabhata II are like those of other siddhantas. 

EARTH'S. RADIUS 

A reference to the term "earth's radius', occurs in the above discussion. 
Let us give more cosideration to it. Different works mention the diameter 
of the Earth as follows :— 



Earth's Earth's 

Name of the work semi-diam. - Name of the work 't^iT' 

(Yojanas) • (Yojanas} 



Panca Siddhantika 






1018,3 


Brhamcgupta S. 


1 
1 




Modern S. S. Soma S, 
Sakalya— Brahma S, 




j 


1600 


Siddhanta Siromani . 
Vasistha S, 


1 

J 


1581 


First Arya Siddhanta, 


Lalla 




1050 


Second Arya S. 




2109 



WHAT DISTANCE DOES 'YOJANA* INDICATE ? 

It cannot be determined with certainty what distance was denoted by 
'yojana'. Hence, there is no reliable means to test the accuracy of these ma 
meteis of the earth mentioned in our works. According to the views ot most 
of our works, one Yojana is equal to 32000 cubits, and if one cubit be assumed 
to be equal to 19*8 inches, the Yojana, in English miles, will be exactly ■lUmijes. 
Hence, the diameter of the earth, accepting the lowest figure, that given by tne 
Panca Siddhantika, would be 10186 miles. According to modem astronomy, 
the diameter of the earth, east to west, is 7925 miles. But the measure oi 
yoiara may have been somewhat smaller- The dictionaries known as Vacaspati 
and gabdarnava give 16000 cubits as the length of the yojana, which makes a 
yojana equal to 5 miles. In the middle of the 7th century AD- Hiouen Thsang, 
a Chinese traveller, had visited India- He has described the whole of India. 
He has given distances of cities and places in terms of the Chinese measure, 
called Li*. He says, "According to the old system, a yojana consists < e>i < W ia , 
according to the current practice of the administration m different parts, a 
yojana measures 30 Li ; but the scientific treatises regard a yojana as equal to 
16 Li only." According to St. Martin, the measure of °« ^™ "^,2 
. the 7th century A.D-, was equal to 329 metres i.e. 1080 ft. by English 
measure**- 

* julien's Memories de Hiouen Thsang I ; p. 59 ; Translation of the Surya Siddh&nta 
by Burgess, p. 39. c»jjlm * 

..Julien's Memoires dt Hiouen Thsang 11, p. 251 ; Translation of the Surya Siddhanta 
by Burgess p. 284- 
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On this basis the different values of yojana, mentioned by Hiouen Ihsang 
come to 8*, 6*. and 3* miles. In other woids, the measure of a yS 
according to current practice in his time was 6± miles- General Cunmng- 
hani also compared the distances between several well-known plac.s riven 
by Hiouen lhsang, with the actual ones, and decided that Hioutn I hsang's 
SLi w^re equal to one mile.* But the distances given by Hiouen are those 
along roads by which he actually travelled ; and the roads and paths arc not 
always ma straight direction. Hence, m Cunningnams opinion, In order 
to get the direct distance between two places, distance given by Hiouen Thsang 
should be reduced by Hi and Cunningham has done so at several places! 
and if tms rule be followed, the distence of 6 Li given by Hiouen is equal to 
(o-S=5) Li ma straight direction ; and thus, the measures given by Cunning- 
ham and St. Martin agiee with one another. On the whole, the author feels 
that the unit of yojana equal to 30 Li was in use in Hiouen's time, and that 
whne converting his distances into miles, six Li must be assumed to be equal 
to one mile ; in other words, according to the then prevalent system, one 
yojana was equal to 5 miles- And the diameter of the earth, 1581 yojanas, 
mentioned by Brahmagupta who lived just before or about the date when 
Hiouen came to this country m the 7th century A.D., comes to 7905 miles- 
and this hguie is very nearly equal to that of the accurately established modern 
measure of the diameter. 

TO CALCULATE THE DISTANCE IN DEGREES 

In any case, the quotations like the following go to prove that our astro- 
nomers knew how to measure the distance on the globe equal to one degree 
and therefrom to calculate the circumference of the earth :— ■ ' 

cr^rt «fte3rcf»rof ^r^R-R: ii h ii 

"The city of UjjayinI** lies on the 16th degree (V-°=22*) of the earth's 
face from the "zero-latitude" line. Hence, the circumference of the earth 
is 16 times tne distance between the two places." 

It is, however, true that attempts were not made in our countrv to find 
out the accurate value of one degree as they were made in Europe. " 

SUPPORT FOR UNIVERSE 

is Jit JS? Sh f°r ?f f ° re that \ n the ° pinion of our astronomers, the earth 
is at tne centre of the Universe ; planets revolve round it and the earth stands 
suspended supportless m space. But we do not find anything in our works 
definitely to explain the support for planets. It is, however, their, view that 
the planets and stars are set in motion by the 'pravaha' (provector) wind 
It, therefore, seems to b 3 the view of our astronomers that the planets 
remain in position in the sky, because of the 'pravaha' wind— 

%3rf^*rf^T^5fftwp^ <w M I ^fR^Frrfr ^f^RRTT «fNrT: II ? 1 1 

sTt^rsriTT: =rrfw £fer>Fr ^^fstrt: ii ?mn m*mm fcre% *m 

$SRT^ 3" 1 1 V || 

unningham" 6 ^ 1 descr * tion * iven in the beginning in "Ancient-Geography" fey 
**The latitude of UjjayinI has been determined to be 23°9' by modern methods. 
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It is stated in the verse that some worlds remain in position because of the 
support of the wind. But it is not clearly stated that planets and stars are 
worlds. It appears that our astronomers did not have the idea that planets 
and stars are very heavy and expansive globes like our earth, 

ATTRACTION 

Bhaskaracarya has assumed that the earth possesses the power of attraction. 
He says, 

mwm defter ?TTi% ii \ n 
*ft5rparro, ^r^tsr, 

"The earth possesses the power of attraction. It pulls towards itself a 
heavy body in the sky and the latter appears to fall." 

The falling down of a body is here stated to be due to attraction. When 
Newton discovered the power of attraction possessed by the earth, what thing 
other than the falling down of a body to the earth, could have suggested to 
him the power of attraction possessed by the earth ? He drew the inference., 
that the planetary system revolves round the Sun on account of this power of 
attraction, and established the law of gravitation, after proving it mathemati- 
cally ; this further work (of research) was, however, not taken up in our country. 

DESCRIPTION OF THE EARTH 

All siddhanta works while describing the Universe, give a description of the 
seven oceans on the earth and seven continents along with mountains and 
xivers in them ; but this, in fact, forms part of Geography, and hence, the 
author does not deal with it here for want of space. 

VIEWS OF THE SKY 

As regards the views of the heavenly bodies observed from different places 
on the earth, it may be stated that the Pole star appears to be in the horizon 
when observed from any place on the Equator, and the planets and other 
celestial bodies appear to rise and set along a vertical circle. As one goes 
northwards, the north pole appears to attain higher altitudes, and the diurnal 
circles along which planets and other bodies appear to move, are seen inclined 
to the horizon. For an observer at the pole, the Sun and other (celestial) 
bodies, appear to move along circles parallel to the Equator ; all these things 
are discussed in the Siddhantas. The author does not give quotations from 
the original here for want of space.* Again, most of the Siddhantas discuss 
questions like these (i) what places in the northern hemisphere (/. e. places 
in what latitudes) can never see a particular portion of the ecliptic, (ii) what 
latitudes can never see certain signs of the ecliptic or (iii) what are the latitudes 
where the Sun is visible for 60 ghatis or even more, and for how many days . 
It is not necessary to repeat them here in detail. 

* The Marathi book entitled Bhaskaracarya ani tatkata Jyotisa (Bhaskaracarya & his 
astronomy) by J. B. Modak contains such quotations from Bhaskaracarya in the 
original along with their translation. 
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MERU AND SEVEN WORLDS 

They have imagined a mountain called Meru situated at the Pole. Bhas- 
karacarya has imagined the abodes of Brahma, Visnu, Mahesa and lords of 
other worlds, as situated on this very mountain. Similarly, he observes about 
the seven worlds including the 'bhulok' (earth) as follows : 

W>R^TT Sfaq 1 5?TST^n^ | <^TTW 3T*Tt?T U£ET: &&% #5: || 

It has been told in the verse that the world 'bhuh' lies to the south of the 
zero-latitude line (i.e. equator) and the world 'bhuvar' (on which we live) 
lies to its north. Meru is the "swar" world, and the worlds 'Mahar', 'Jana\, 
'Tapas' and 'Satyam' are situated in the sky. Of these Satya occupies the 
last position. Bhaskaracarya says that the description of continents, of seven 
oceans and of the seven worlds begining with 'bhuh' has been borrowed 
from the Puranas. All works do not agree completely as far as this kind of 
description is concerned. 

ATMOSPHERE ENVELOPING EARTH 

It is said that the earth is enveloped by a sphere of air which spreads to a 
distance of 12 Yojanas from the surface of the earth, and the clouds and lightning 
abide in it. Bhaskaracarya expresses this idea in the line. 

Both the ARYABHATAS and LALLA have assumed the same height for the- 
atmospheric covering. 12 yojanas make 60 miles. According to modern 
discoveries, the height of the atmosphere varies from 45 to 100 miles. 
Sripati has expressed in the following verse the idea that this very atmosphe- 
ric belt provides a place for whirlwind, meteors, clouds, rainbow, lightning, 
Gandharva's city and the halo round the Sun and Moon :— 

PRAVAHA AND OTHER KINDS OF WINDS 

LALLA, SRIPATI and BHASKARACARYA have assumed other kinds 
of winds higher up than the 'pravaha' wind. Lalla observes : 

"There are seven kinds of winds, one above the other in height. They 
are avaha, pravaha, udvaha, samvaha, suparivaha, purvakavaha 
and paravaha, as the seventh ; others suppose Kumarudavaha, as 
the seventh wind." 

* Siddh&nta Siromavi edited by B&pudeva, p. 267, foot note. 
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REVOLUTIONS OF PLANETS 

ti, J he °t use °/ ^ ean motions of P lanets has already been discussed above 
i ne numbers of the revolutions of planets in the Zodiac during the period of 
*&AiT- Pa ° r ^ ne Ma ^ u S a have already, been given as mentioned by different 
swanantas. There is a noteworthy point about Mercury and Venus • and 
it is that because they are always found near the Sun, their revolutions in the 
Zodiac are assumed to be always equal to those of the Sun ; and hence, our 
authors of the works have assumed for them the same number of revolutions 

S£i,2 w S° tl0n aS /? the Sun * But havin S yarded the conjunction 
(bighra) of Mercury and Venus as some planets, the numbers of their revolu- 

™ n A ? ven h y ^j™, in the works happen to be equal to those of their actual 
revolutions round the Sun ; and although our astronomers had no idea that 
planets revolve round the sun, it is worth remembering that they had given 
importance to the revolutions of the 'gighras* of Mercury and Venus. 

LIGHT OF PLANETS 

■ It is the view of our Astronomical science that planets have no light of 
their own, but that they receive it from the Sun. Aryabhata I observes 

w^tti *ffaRrfa F^mr ferrfft n 

*w Ttf - the *P> rical Portions of the earth, the planets and the stars lose 
tneir light in their own shadows. Their faces which are towards the Sun 
are illuminated m the proportion in which they are so directed." 

In this verse it is stated that even the stars receive light from the Sun, which 
is a mistake A great deal of discussion is, found in our works regarding the 
increase or decrease of the Moons' digits, and the elevation of Moon's cusps. 

VIKSEPAS OF PLANETS 

The viksepas of planets which are the inclinations of their orbits with the 
ecliptic are given m some siddhantas in the chapter on mean motions. There- 
rore^ the measures of different siddhantas are given here— 

Ptolemy's values and the modern ones are also given* in this table. 





Modern 


I irya S. 


Brahma S, 


II Arya 












Surya 
Siddhanta 


Lalla 


,'sS. 


Sid.&ro, 


Siddhanta 


Ptolemy 




Modern 




O / 


o 


/ 


© 


/ 


o / 


o- / 


O 


/ 





Moon 


4 30 


4 


30 


4 


30 


4 30 


5 


5 


8 


47.S 


Mars 


1 30 


1 


30 


1 


50 


1 46 


1 


1 


51 


2 


Mercury 


2 


2 





2 


32 


2 18 


7 


7 





7/ 


Jupiter 


1 


■ 1 





1 


16 


1 14 


1 30 


1 


18 


41 .< 


Venus 


2 


2 





2 


16 


2 16 


3 30 


3 


23 


34.< 


Saturn 

* The an* 


2 


2 





2 


10 


2 10 


2 30 


2 


29 


39.. 



Siddhanta and the modern values are taken from Leverrier's Tables. 
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It would not be reasonable to compare the values of viksepa as given in 
our works with the modern ones in all respects. If the comparison is made 
in a proper way, the discussion which follows will show that our values are 
very accurate. 

The values of viksepa are calculated from the latitudes. Latitude is the 
distance of a planet from the ecliptic measured along the great circle passing 
through its pole. The latitude is zero at the node ; i.e. the point of intersec- 
tion of the ecliptic and the planet's orbit ; and it is maximum at the point 
which is 3 signs away from it. The planetary orbits are not exactly circular. 
So the planets are not always at the same distance from the centre of their 
orbits. The Moon revolves round the Earth. Hence, when it is at a distance 
of 3 signs from the node, although her linear distance from the Earth is not 
always the same, the angular distance is necessarily so. This is not the case 
with other planets. They revolve round the Sun. The observer at the Sun's 
centre will always see the maximum latitudes of the planets to be equal to 
those of the modern values of viksepa ; but these will appear to be smaller or 
greater to an observer on the Earth. The latitude will appear to vary with the 
values of their radii vectors, i.e. their distances from the Sun's centre and their 
distances from the Earth. The variation due to the first cause is less than 
that due to the second. Our astronomers have not taken into account the 
.variation due to the first cause. They have only considered that due to the 
second. Bhaskaracarya remarks about the 'viksepa' as follows : — 

(*rer) fa^rRT^r: ^ftsreruf? ^% crft*R for ^q^nr *mvt qrsft Wt 

<3T«|WftJ ^TFT fffPT <P?ft iTE*mf2P&T: II 

"The maximum value of a planet's mean polar latitude is obtained from 
the value of the maximum latitude of the planet measured on the circle of 
observation on the day on which the geocentric radius of the planet is equal 
to its mean radius vector." 



This can be said to be the definition of Viksepa according to our ancient 
works. When the planet is at its mean distance from the earth, it is not 
necessarily situated at a place 3 signs apart from the node. If the planet is 
situated 90° away from the node, and its distance from the earth also happens 
to be equal to its mean value, then the latitude of the planet is regarded by 
our astronomers as the planet's mean maximum Viksepa. This does not take 
into consideration the factor of planet's radius vector. The latitude of a 
"superior*" planet is not much affected by. the variation in the value of its 
radius vector but they do cause a difference in the latitudes of "inferior*" 
planets. Hence, there is no harm if the Viksepa values of planets other than 
Mercury and Venus as given by our works are compared with modern values ; 
and such a comparison will reveal that our works, as far as the Viksepas of 

♦Marcury and Venus are 'inferior' p Janets; others are 'superior' ones. 
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Mars and Jupiter are concerned, have given values nearer to the mcdern 
ones than those ci Ptolemy. Ihe values given in Brahma SiddhaSa and 
Second Arya Siddhanta are almost equal to the modern on The value 
for Saturn is wrong by a few minutes only. As regards the Viksepa vlluel 
of Mercury and Venus it was found that if Mercury occupies Tpre'ent a 
position oi maximum heliocentric latitude, then, at one position §2 rad tit 
vector attains the value of 3382 and at the other, -4114* and if in addi?in* 
to this its distance from the earth has attained the meau vaiu^t true ta$5£ 
respectively becomes 2°23" and 2'53.' The mean oi ? these Values "comes t 
tll^f v SgreeS 7 ery Cl0seiy with that S iven ** our works.- The ^adiut 

Jtlti £*t; 't^and 7293. If at both these positions its distance from the 
«?cl a ^ nS lwi mean / aiue ' its true latitude would be about 2°28' This 

in ^column for^ ^ ^l* ° UF WOrks - The val » es « iven » the table 
?J» X TS v u modern" values, were calculated by the author from the 

^ o«1 ^ E f ghSh Na u Uti€a l Almanacs fot the si * y^rs 1883 to 188? "ft 
7££S? ° n W ° ° r ^ dates during these six years that when Mercury 

earTh wisTo^ral^oo 6 *' itS h f iiocentric *» its distance from tS 
earth was also equal to or very nearly equal to its mean value ; and in the case 

be IZ^f^T™ 1 ? bC f ° Un4 > Jt sh0WS that these values cannot 
be accurately found unless observations are taken for several years > and for 

values The U nodt 0n fT S t ™™ \?™ SQ f °™^ foUnd out ver/accurate, 
values. The nodes of planetary orbits have got some slight motion Hence 

Inh^f^ 6 ? ° f the latitudes of « * ** tfme of Brahm^pta 

slnVn y tf t\l hC CalCUl ^ 6 in the light of mcd ™ mathematics' the Ibove 
Siddhanta values may perhaps prove to be nearer to the true values** than 
what we found in this comparison. The above verses will show that th© 
values given by the two Aryabhatas are different from those given by Brahma- 

h£L«?H Sh ^l tha l th I Values h ave been found by them independently. 
It cannot be argued that the %ures are different in the three cases because 
lLr e vu n Set d ?* n at random - ^ no other proofs be forthcoming, 
to^ ,w ?epa Values given in the above table would be enougl 
to show that our astronomers determined the values for inclusion in their 
works, actually after taking observations. 

CHAPTER III 

"Ayana CaLana" 
, OR 

Displacement of Solstitial points 

Even if at a certain time, a star is found to be situated near that point 
oi tHe ecliptic, which is crossed by the Sun and the Moon while moving from 
JNorth to South and vice versa, it will not remain there for all time to come * 
it will be seen shifting eastwards as years roll by. At the time of the Vedaima 
Jyotisa the Winter Solstice (W.S.) used to occur near the beginnirg of 
Dhanist ha : but as time passed on, it began to take place near Sravana. At 



M«MMii«^M 



PraeSSa7frdftom d ) USVeCt0r ° fMCrCUry is ' 3871 and that of Veou s is '7233 (Loomis. 

«i<te *h« lilfV 600 "*' 118 of th ! values °/ vik ? e P« a * liven in o»r work* and the svxfern ones 
comnJ^L < ^L n< ^ am< ? un * t ^ a / ealcom P arison - the writer has not seen any one 
comparing iheiiiitude values of Mercury and Venus as he has done above, 
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the time of Varahamihira it used to occur near Uttarasadha. This means 
that the solstitial point receded so many degrees. If one "point of the ecliptic 
changes its place, all points on it would necessarily do the same thing. Conse- 
quently, the star which at one time would be situated near the equinoctial 
point, which is the point of intersection of the equator with the ecliptic, would 
be seen to have shifted its place forward as time would pass ; but in fact, 
it is the equinoctial point which recedes. As the change in the position of 
solstitial point was first noticed by astronomers while observing the sun's 
'ayana' i.e. the solstitial position, most of the astronomical works have termed 
this kind of change as "ayana calana". The astronomer Aryabhata II and 
others have mentioned the number of revolutions of the 'ayana,' as if 
it were a planet. Bhaskaracarya has called this motion also 'Sampat- 
calana' i.e. the shifting of equinoxes, while the European astronomers call this 
phenomenon "precession of the equinoxes". All astronomical works except 
that of Bhaskaracarya have attributed this motion of solstitial points to the 
movement of the 'starry wheel'. In other words they thought that the -starry 
wheel moves eastward through some degrees in some particular period of time. 
But "Bhaskaracarya observes : — 

^r [ fa^^ffo^T'TRrcs* ] 3rfcr ^fnrfer i ^sq^r^nr- 

*fta-5fsrrfsp?rrc. 

"Even that point (viz. the point of intersection of the equator with the 
ecliptic) has a shifting motion. The equinox recedes through as many degrees 
as the solstitial points". 

This evidently shows that he assumes a retrograde motion for the node 
<i.e. the equinoctial point) itself. Even the modern European scholars hold 
that it is the equinoctial point which has this motion of displacement. 



Measure of Displacement of Solstitial Points 

Varahamihira has mentioned nothing about the 'ayana-calana' in his 
Panca Siddhantika. It appears that the five old siddhantas had mentioned 
nothing about it. But the modern Surya Siddhanta does mention it. It 
has been described there as follows ■:-*■ « 

srW3<wiuw ii 

^Gl*4MH<<Wir<+ II V II 
WFZ ^T53cTt TSgfespT Pl'M^iT II 3TR» =*P$ ^f^Rf ffr? ISRI'+Td 

+<«IITd II l\ || 
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Meaning :— The 'Starry wheel* (Bhacakra) moves eastwards 600 times 
during a (Mah£) Yuga. Multiply the Ahargana by 600 and divide the product 
by the number of mean solar days in a YUGA. Reduce the result to an 
acute ax;gle ; multiply degrees in this angle falling in one of the four quadrants 
(i.e. Bhuja) by 3 and divide the product by 10. The result is known as 
Ayanaqasa. Calculate the declination, shadow, ascensional difference etc. 
from the planet's places as corrected by the application of the ayanamsa, 
Whether the * Wheel* has moved or not can be known on the 4. cardinal day s- 
the solstitial and the equinoctial days. If the longitude of the Sun, as derived 
from the shadow, is found to be more than that calculated from karana work, 
it may be taken that the wheel has moved eastward by as many degrees as 
the difference (of the two), and in case the observed longitude is found to be 
less than that of the calculated one, the wheel has moved towards the west 
after returning to its normal position. 

This mentions 'trimSat krtyah' i.e. 600 as the number of revolutions of 
the 'Ayai^a point' in one Yuga or 600000 during erne kalpa. But according 
to Bhaskaracarya (as stated by him in Golabandhadhikara, "Tadbliaganah 
saurokta vyasta ayutatrayam kalpe") "the numbers of revolutions mentioned 
by the Surya Siddhanta are three ayutas i.e. 30000 in one Kalpa or only 30 in 
one Yuga." This leads one to suspect that the version of S.S. possessed by 
Bhaskara contained "trimsat krtwah" in place of 'trimsat krtyah' as the 
reading commentators and authors of astronomical works have taken great 
pains to interpret the words "vyasta ayutatrayam' : as meaning something 
different from ^thirty thousand in reverse direction' in order to reconcile 
it with the present reading 'trimsat krtyah' in the Surya Siddhanta. 
Munlswara, the commentator of Siddhanta &romani says in his commentary 
(Marici) w According to some, the 11 word 'ayuta' in 'ayutatraya' may be 'niyuta\ 
According to others, we have to take 20th part of Kalpa and not the actual 
measure of kalpa, to maintain the relevancy of "600 revolutions per Yuga". 
Munlswara himself renders "vyasta ayutatrayam" as "three ayutas multiplied 
(asta) by vi (i.e. 20), obtaining 60 ayutas as the number." He further observes 
that the expression "cWW: ^fk^NcTT &&3T WFF&i *K?T ll ?^ It M *ftaWfTOT" 
may also mean that "the S.S, has mentioned^the number of revolutions of this 
(i.e. the\equinox) ; and that another work mentions 'minus three' ayutas as the 
number of revolutions during a kalpa" ; in other words he does not at all 
associate the words 'ayutatraya' with S.S. Alltliese are butNfutile attempts to 
stretch the words to suit a desired interpretation. Bhaskaracarya' s words have 
been given above. In the commentary on the work he himself remarks, "that 
the number of revolutions of the equinoctial point is three ayutas in one kalpa 
has been mentioned in the S.S.". It shows that Bhaskaracarya' s remark 
definitely means that the "S.S. has mentioned 3 ayutas as the number of 
revolutions in one Kalpa" ; and it appears from this that the S.S., according 
to Bhaskaracarya, has mentioned 30 revolutions of the equinox during one 
Mahayuga. 

The verses from S.S. quoted above, show that if the method described 

here-in be followed, one can never get a figure for ayanamsa exceeding 27° ; 

and since the starry wheel is said to be moving eastward and westward, it 

*Nr istmha has remarked thus in the Vasanaartika The nnmber 3 niyutas in one 
K al pa would give 300 in one Mahayuga. 
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follows that according to the Siirya Siddhanta that the equinox does not 
make a complete revolution through the Zodiac, afthe nfaSts do T« 

?hel r a r r th Mhe ^^ Whed *° VeS awa * * om the equlLx^ o^ towards 
ud then w °° meS t0 '? ^.^al position, then moves westward U P^27' 
SlJ ? S&m C i° meS t0 the onginal P° siti °a- It thus completes an o^illatorv 
revolution, each amounting to 108°.. According to modern SSSSr 
the correct motion of the -precession of equinoxes is aboS 502 sionds SJ 
it?™£™ ad tT a revo , luti on consisting of 108° each and 30 such £volu tiSSl 
per mahayuga, the annual rate of precession would come to about 2 ' Z^ 
Which is extremely small. Even if we take 30 true w?&^ rf T j& e^ch* 
the annual rate of motion would come to. only 9 seconds! wmch is also ^n? 
S if-T ^ H5 Pf. esent re ^ng ^imsatkftyah' to mS revoluS 
«™ th d eSreW If Maha yj J g a ' lt would give 54 seconds per year, and ££k" 
now the generally accepted interpretation. This rate is much more correct • 
but all current works on astronomy have assumed 60 .^^^^SSj 
rtte of motion and the author has shown later on how this Xe is the proper 
Jnm,«? d r fl a t CCC ? table - If ° nC takes m solutions of 360 degrL eich tS 
^iSS^SE B,,,IOIl W ° Uld C ° me t0 bC 18 ° See0nds ' ™» would be . 

The modern Romasa, Soma and Sakalyokta Brahma Siddhanta rive 600 

ESta^M ^^ in Gne maha y^- Thejr remaps ab^ut tht 
displacement of the ayana point are given below :— 

x$t%&im; ii 

tu/? ? he * br ? ^ e ?2 C0I1Vey the saifl e idea as that expressed by Bhaskara 
The only point of difference is that in Sakalya's verse the •*yS^2S?t 

SM^T" ^ fr ° m tbC bC8inning ° f Libra and &S£y5fea£: 

de^^W^^i^^ 1 ^ Lagftu Vasi ^ a Siddhanta 6y so**), 
aeseriot* the method of calculating Ayana^a as follows :— 

w*r»«{f* w ^Nrr^ff^fr «ftpt: „ ***** «* ^t_„ xx {l 
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fc ''Divide the number of years elapsed by 600, reduce the result to an acute 
angle nearest to a quadrant, multiply the degrees by 3 and divide by 10, the 
rosult thus obtained will be ayanamSas.," 

It is not here clear what we get after dividing 'n' years by 600, does the 
quotient -denote so many signs, degrees or revQlutions ? If we assume 
recession through one sign in 600 years, it would give 600 revolutions in a 
Mahayuga and that seems to be the number intended. 

This shows that the later five Siddhantas, including S.S., have regarded 
27° as the maximum value of ayanamSa and that the equinox has been regarded 
as oscillating from the initial point to 27° East and then back again, till it 
attains a position 27° West and so on, giving 54 seconds per year as the pre- 
cessional motion. 

Aryabhata I and Xalla make no .reference to the ayana-motion in their 
works. Brahmagupta, while accusing Srlsena and Visnucandra, say*, 

qr*nPTT frorra ^Trf^nwft S^rfaTOg^: II ^FFff ...|| X* II 

"The very fewest hours of night occur at the end of Mithuna, and the 
seasons are governed by the Sun's motion ; there is, therefore, no such thing 
as ayanamsa'\ Prthudaka in his commentary on the above verse says, 
"What is said by Visnucandra at the beginning of the chapter on the Yuga 
of the solstice 'Its revolutions through the asterism are here (in the Kalpa) 
18941 1. This is termed a Yuga of tte solstice, as of old admitted by Brahma, 
Area, and the rest" is wrong. Now the greatest decrease and increase 
of night and day do not happen When the Sun's place is at the end of the 
Mithuna ; and passages are remembered expressing "the southern road of 
the sun was from the middle of Aslesa ; and the northern one at the beginning 
of Dhanistha; and others (of like import). But all this only proves that there 
is a motion ; not that the solstice has made many revolutions through the 
asterisms". 

Bhaskaracarya while commenting on Brahmagupta's notions about Ayana 
motion, says : — * . 

cf tM*£T: I 

"If doubt be expressed as to how it was that skilled scholars like Brahma 
gupta and others did not mention the precession of the equinox, the reply 
is that they could not notice it because of its very small amount. It has been 
now noticed because of a noticeable displacement and hence, it has now been 
realised that the equinox has motion. It may be asked, that even though 
it was not noticed, why was it not given on the authority of the figures mentioned 
in S.S. just as the numbers of revolutions, Paridhis etc. have been taken from 
Agamas," ? 

1 DGO/69 - 15 
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Bhaskara says here, that at the time of Brahmagupta the avana™ vah J 

ISd SX 7!' • and henCe ? * ^ that a could nSe coiSrS notl 
and adds that one may still ask why he did not take the rate of the preceS 5 

onTTth a -, gl T ^ s - s - j ? st as he had taken fi S ures f °< o^SS 

on the authority of older authors.? It is true that Brahmagupta novS 
mentions any correction on account of precession or gives anyVreTSl 
number of yana revolut.on, yet the above verses of Brahmagupta anl 
thf tw ,f ^T^ «"*?>? ^arly point to the fact that people beforl 
/n aIT ° f ^ahmagupta had begun to think over the problem of changl 
in Ayana position. According to Brahmagupta the Sun's entry into a trop2 

sSto ? T Srrt "i? thC I** °^ ana Mithuna'^afthe SuS 
Solstice. (This has already been shown in authors' account of his works! 
Hence he has not at all taken into account the equinoctial motion | 

_ Munjal's quotations in iryametre have already been given (H page 191V ^ 

mm > The£ ™° l rr S °l the <ayana ' have been mentioned thS %U 
eaSc ™Sf, C ou P le s , make , no mention of the question whether th| 
equinox makes a complete revolution or not. But assuming that the eauinof 

would be^rlin £1. L» ^ a l the be 8 innm g of Kali era, the ayanamsa; 
S^9007 AH LtX 9 ' T d f he a ? nUal rate of the Passion would ,'t*l 

view thl; t Wn 6 thin f Clearly point to tne fact that Munjal held the ^ 
view that the equinox made a complete revolution. o 

annua? mt™"S™ f "^ "^ * *** 854 ' giveS I# aS ^i 

KJ^VnT^i^^^l gives the evolutions of the ayana planet for S 
Kalpa and descnbes in the following verse the method of finding ayanam^a, J 

3 P^r^rmr^f^r^gT ^^Tj< i ^ y |^ rf?f h $^n 

less^nTi^t'ln^^ ^ i°? gitude ° f the ^yana planet' to an angle^ 
lws than 1 rt. angle Find out the sine of the angle. The value is Avanamfa 

I^™ 8 °i C0T ™»? nds to to sign of the 'anomlly'. (hTl^^Tto- 
Ayana pknetbem one of the first six signs, otherwi e negative*) Afte? 

ii ffi ^oVaTT.-V^^'. *? Values of A * ana cfra (ascensfonS 
bTcaLulated- ¥h'« Kranti (declination) and Lagna (ascendant)^ etc. are to 

nation All our ^h-T^ *? the method of calc « J ating a planet's decli- 
2* >^'ih? L • Sldd ^ a ntas and even the Second Arya Siddhanta reeard 
the t™Srf , T n ValUC ° f declination - Hence according to Aryabhatf U 

further hpm mM ™„7- °i • de g rees > then it diminishes up to zero, it 

^^m]t D ^oZ*£™n?*r ° * » **~* »# a « ain ^ 

a revolution throug, 96 , teg° es ° 9 * 1S '" be SUpP ° Sed to be maklng 
P.aJ s t;Tv^rap™ r , . P ° S, ' iVean<lne8a,iV0Sigmhas m * in c< ™° •»' 



Jyotisha Siddhanta Period 211 

According to the Second Arya Siddhanta the number of revolutions of 
Ayana planet during a Kalpa are "masiha/amudha*" i.e. 578159. Taking 
one revolution as equal to 96° the annual rate of precession would come 
to 46.3 seconds ; but since, the method of calculating ayanamSa is exactly 
like that of calculating declination, the rate of precession will not always 
be the same. Adopting the above mentioned number of revolutions, the 
yearly rate of motion of the Ayana planet in the Zodiac would come to 2 min. 
53.4 seconds, and the annual rate of precession would sometimes come to 
69.4 seconds, sometimes to 6.1 sec. or even less. The Ayana planet takes 
about 7472 years for one revolution. The rate of precession during the 10th 
part of the 1st period i.e. during first 187 years, would be 69.4". During 
the next 187 years it would be almost the same. In the 3rd period of 187 
years it will be 63.7". It will thus gradually come to be 58.1", 52", 43 3" • 
30.6", 20.4* and 6.1". When thus the ayanamSas reach the figure of 24 degrees' 
they will diminish in value at a reversed rate of motion, they will again increase 
and will again decrease ; but our experience is otherwise. The ayana-motion 
no doubt varies ; but the variation is very slight. There is no harm if it be 
regarded as always constant. 

Aryabhata II has, like ParaSara, cited 581709 as the number of ayana 
revolutions in a Kalpa. According to this hypothesis Saka 532- would be the 
Zero-precession year ; and because ayanamsas are calculated by the method 
of calculating decimations, their value is never constant : their mean value 
comes to be 46".5. 

Bhaskaracarya has not given the number of revolutions of the equinox 
in a Kalpa, nor has he givefn his view** whether the equinoctial point mskes 
a complete cycle or makes an oscillatory cycle of 108°. It has been pointed 
out above that he has adopted the number. of revolutions given in the S.S. 
He further says, . 

"The displacement of the solstitial point, spoken of by Munjal and others 
^9669*° VCry P ° int (ViZ * equinox )' Its evolutions in one Kalpa are 

After quoting the ayana revolutions according to S.S. and Munjal, in 
ms commentary on the above verse he next observes". 

hx ■ "Whatever be the number -of revolutions, the degrees which are obtained 
oy skilled (astronomers) give the position of the equnox." 

It is clear from this that he recommends one to accept the ayanamsas which 
one would actually get by observation at a particular time. Similarly, his 
remark m this connection that "any motion which one gets actually by observa- 
tion should be accepted", shows that he means to say that the number of revolu- 
ions m a Kalpa should be determined according to the ayanamsas actually 
ott nd. The author has not ' come across a single statement in which Bhaskara. 

*The number has been fixed after fully considering the variations in readings. 

r P v«r*^ rofVS ? it ? eyob ? ervesthat Bhaskracharya has mentioned 199669 as the number of 
evo^tionsof the equmox in one Kalpa (See page 104 Trans, of S.S.). -But it is a 
"'stake. Bhfiskaracarya has given this number as that mentioned by Munjfii. 
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caryahas clearly said that the equinoctial point makes a complete revolution, 
nor does he say that it does not make a complete revolution Bhaskaracarya 
has taken 1 minute per year as the ayanamotion in the work Karaiia-kutuhala 
a nd has assumed 11° as the ayanamsa m Saka 1105 He thus appears to 
^ave taken Saka 445 as the Zero-precession year, as has been already mentioned 
before. 

From the foregoing discussion of the question of ayana revolution and 
yearly ayan-motion it can be concluded that according to ( i) .the .five .^dhantas 
such as the S.S., the annual precessional motion was 54 (»> Munjal, 59 .9(i«> 
Arya bhata II 46".3 and (zv) Parasara 46\5. However, it would not be wrong 
to say that since Saka 854, the annual precessional motion was 60 seconds for 
all practical purposes, and most of the Karana works compiled from that date 
upto now have given this rate for the ayana motion. The Bhatamiya-karana 
and one or two karana-works following S.S. have, however, adopted 54 seconds 

as the motion. „ . n 

Does the Equinoctial Point Oscillate or Revolve I 

The question whether the equinox makes a complete revolution or not 
has been fully considered above. Accoiding to Munjal the equinox makes 
a complete round in the ecliptic in a retrograde direction. As already mentioned 
Colebrooke says that Prthudaka, the commentator -of Brahma Siddhanta, 
and Nrsimha, that of Siromani, have quoted Vismicandra, the author of 
Vasistha Siddhanta, as believing, in the theory of the complete revolution of he 
equinox. According to the five modern Si ddhantas, including the S.S., the 
equinox does not make a complete revolution but it oscillates lupto 27 east 
and west of Revati while according to Second Arya- Siddhanta it oscillates 
ut> to 24° only. Although none of the Karana works explicitly states that the 
equinox makes a complete revolution, the method of calculating ayanamsas 
adopted would give more than 24° or 27°, that is amounts increasing right up to 
360°. No karana work probably states that when the ayanamsas come to be 
more than 24° or 27°, the rate of motion should be supposed to be minus 60 r 
or in other words, the ayanamsas should be supposed to be gradually less than 
24 or 27 degrees. In accordance with Karana works which assume baica 445 
as the Zero-precession year and 60" as the annual rate of precession, the 
ayanamsas would be 24° in Saka 1885 and 27° in Saka 2065. They will be 27 
in Saka 2221 if S.S. be followed, and according to Aryabhata II and Parasara 
they will be 24° in about Saka 2400. So the question whether the theory that 
the displacement of ayana-point does not take place through the whoie Zodiac 
is vslid would be settled by actual experience after about 67 years or after 600 
years at the most. The modern theory of European^ astronomers that the 
eouinox makes a complete revolution is a well known fact and if _this theory 
be correct the rainy season will be found to occur in Caitra-Vaisakha after a 
lapse of time. No one will be able to deny the contention of the followers of 
the sayana system in this respect and the occurrence of spring during the montns 
of Madhu & Madhava (i.e., Caitra-Vaisakha) is the only thing acceptable to 
the Srntis. Fearing that the acceptance of Munjal's view would take them 
into a position contradictory to that approved by the Srutis, the author ol 
Marici & others accused Munjal and others for holding views contrary to the 
teaching of the Vedas, and they were, in their own way, right in doing so. But 
it is not within our control to force the equinox to make a complete or in- 
complete revolution; this point did not strike the author of Manci and 
others The Vedaftga jyotisa has recorded the occurrence of the Winter solstice 
fW S V in the beginning of Dhanistha. From this it appears that m those days, 
the equinox used to ocSur in the beginning of the fourth part of Bharam comte- 
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lation, i.e., at a point 23° 40" from the intial point. The Vedas describe the 
Zodiac as beginning from the Krttikas, which suggests that the Q equinox used 
to occur in the beginning of Krttikas then, i.e., at a point 26 40 from the 
initial point. Formerly the equinox was in advance of'Asvmi, and later on it 
began to occur behind it. This may have suggested that the equinox oscillates, 
and because the displacement of equinox which was recorded was only a variation 
of 24 or 27 degrees, or because the maximum decimation is 24 , some of the 
authors of siddhantas may have been led to assume that the equinox oscillates 
up to 24 or 27 degrees. Let, future experience show what it may be, but the 
theory of oscillation of equinoxes proved very useful in tiding over the tempo- 
rary difficulty of admitting that the seasons would not conform to the teaching 
of S>uti as the result of the complete revolution of the equinox. 

ACCURACY OF AYANA MOTION 

Let us now see how far the annual rate of ayana-motion and the year of zero- 
precession are accurate, as adopted by our astronomers. The annual ayana- 
motion is clearly the advance made by the Sun in the assumed length of the 
year after its two successive transits of the equinox. The lengths of years 
given by different siddhantas have been fully discussed on page 13 while 
reviewing the Romaka Siddhanta of the Panca Siddhantika group. The 
lengths of year known to Vedanga Jyotisa, Pitamaha and Puhsa . had already 
gone out of use before the year Saka 427 (i.e., before Panca Sidddhantika). It 
has already been pointed out there that Romaka's year was never in use m our 
country. Of other Siddhantas, the length of Brahmagupta s year viz 365 , 
15 sh 30 p 22i v does not. appear to have remained in use after Saka y64. lne 
remaining lengths vary from 365* 15* 31- 15 v to 365- 15* 31* 31-. 24- and 
have remained in use from Saka 1000 onwards. The length of the tropical 
year in the year 1900 A.D. is 365 d -14-31-53-25. This is the time taken by Sun 
to return to the same equinox. If we deduct this from the length given by 
S.S. viz. 365-15-31-31-24, the motion of the Sun during the dmerence oi.ttme 
would come to 58".777* or 58".8 approximately. If we accept the shortest 
of the lengths .of the year in use from 1000 A.D., the annual ayana-motion 
would be less by .269 i.e. about 58".508. If Brahmagupta s year measure 
be accepted, it would come to 57".557 but the author is of opinon ^the 
above year measure was not taken as the basis while fixing the yearly rate ot 
ayana-motion. It is a fact that the measure of &e tropical year is gradually 
diminishing. If we accept the length of the tropical year m Saka 700 m basis, 
all the above-'ayana-motions' will have to be reduced by about u ja. a 
things considered, if the annual rate of ;. precession 58 4 be accepted, it will 
be found to be very accurate, since it is in keeping with the average length ot 
the year adopted in our works, and both Grahalaghava and Makaranda which 
are in use in more than half of India, adopt the length of the year gi ven-by 
moderr S. S. Hence, the rate of precession dependent upon this year lengtn 
which comes to 58".6 should be considered accurate. This will show max 
the figure of 59".9 adopted by Munjal as the annual rate of motion and W 
which is n ow in general use, appear to be sufficiently accu rate.! In othe r 

. * Keropant has mentioned 58'.521 (see Planetary Tables page 32,) ; but a small error 
:seems to have crept in here. J 

**The reason is given on page 216 later on. 
tThe difference in the place of the tropical sun computed by EjJJM j*"^™ 
that found from Grahalaghava, is in keeping with the excess of the adopted rate of precession 
over the calculated rate, viz., I" A. 
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cZS °Z£ r Tana TZmyfS to h f 7 disC ? vered the rate of !»•«■*>■ 
made by She/ natoto d^™i? e Te 'ay^aZtion faT " *, atteffiP, • 

suffice totj^ ^"^^^"S^^cJSSS-^ 
had drae y ^ } dC a nearer approach t0 ac ™ rac y *«>> »* (Ptolemy) 
Findings of other Nations Regarding (he Rate of Precession 

^& S *S 

gitude amounted to 1° S for f w ? e T°t 1 ? fel J ed that the increase of lon- 
36", he moreover stated hat tL™ 'h^^ ""^i an aunual Passion of 1 

a quantity agreefng aTmosf eScflv with th?" 'T""^ Value . of Passion, ! 

-ftat.^ a.^*,^ . . BW, £f ) ^^ 

Bradley An English Astronomer . 

Mayer a German Astronomer . 

Lalande A French Astronomer 

Delambre A French Astronomer 

Bessel A German Astronomer . 





1046 
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1719 
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1762 




1732 


1807 




1749 


1822 
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184 
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The efforts of modern astronomers have been constantly directed towards 
obtaining a more accurate value of the precession of the equinoxes. 'Tvcho 
Brahe fixed the annual precession at 51" Flamstead made it 50" Lalande 
by comparing the longitude of Spica Virginis as assigred by Hipparcus with 
its longitude deduced from observations made in 1750, obtained 50" 5 for 
the resulting value of precession. Delambre, by a comparison of the obser- 
vations of Bradley, Mayer and Lacaille with his own obervations, was induced 
to fix the annual precession at 50."1. Bessel who had studied the question 
very thoroughly fixed the annual value, in 1750 A.D. at 50".21129. In 1900 
A.D. the value for 365§ days will be 50."2638. 

fn'o^of^fc^ 1 ^ 1158 ^ the P recessio » a l motion and determined it to be 

;f;J ? in 75 °* A * D * The rate of precession in 1900 A.D. will be 50" 2638 
in 3o5f days. 

In the 11th century **A.D. Arzael, a Spanish astronomer, declared 
that the rate of precession was about 1° in 75 years i.e. 50" annually and also 
that the equinox oscillates east and west up to 10°. Another astrologer 
by name Thabit Ben Korrah, (13th Centuty A.D.) held that the equinox 
oscillated withm 22°, and still another astronomer of the 9th century thought 
that it moved through a circle of radius 4° 18' 43". The famous Arab astrot- 
nomer, AL Buttani (880 A.D.), considered the equinox as oscillating at the 
rate of 1° in 66 years or about 55."5*** annually. Some Arab astronomere 
who lived before the time of AL Buttani thought the equinox to be oscillatins 
8° at the rate of 1° in 80 or 84 years (i.e. about 45" or 43" per year). AL 
Buttani's figure agrees with that of the S.S. 

Accuracy of Zero-precession year 

Let us see with what accuracy the years of Zero-precession have been 
determined by our people. The Zero-precession years according to different 
astronomical works are given below : — 

Saka 

Five modern siddhantas including S.S., and Siddhanta Tattwa- 

viveka .......... 421 

Munjal . 449 

Raj Mrgaiika, Karana Prakasa, Karana Kutuhala etc. . . 445 

Karana Kamala Martanda, Graha Laghava etc. . . . 444 

BhaswatI Karana 450 

Karanottama 438 

Second Arya Siddhanta 527 

Parasara's view as cited in the 2nd Arya Siddhanta . . .532 

Damodariya Bhatatulya. . . ... . . 342 

♦The information in this paragraph has been taken from Grant's History of Physical 
Astronomy, pp. 318-20. 

**The information in this para has been given on the basis of Colebrooke's essay (See 
Asiatic Researches, Vol. XII, p. 209 et. seq.). 

***Rehetsake observes that according to Al But ?ni's opinion the eauircctial rroticn 
was 1° in 70 years (i.e., 5VA annually). (See Journal of the Bombay B.R.A.S.. Vol. XI, 
No. XXXII, Art III. Which of these two views should be taken as reliable ? 
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The date mentioned in the last work, Bhatatnlya, has no independent 
value. The reason is this. Although the author does not mention in clear 
terms that the ayanamsa was zero in Saka 342, the year can be derived as 
the initial year from, his method of calculating ayanamsas and the reason 
why he adopted that Saka year as the initial year, is that he compiled the work 
in Saka 1339 and adopted 54" as the annual rate of precession, as given by 
the S.S. And when Saka 342 is adopted as the beginning year, the ayanamsas 
in Saka 1339 come to 14°-57'. If Saka 444 be adopted as the starting year 
and 60" the annual rate, we get l4°-55', that is, almost the same ayanamsa 
in Saka 1339. And from this it is evident that because in his time the ayan- 
amsas obtained from other works were about 14°-55', he could not go beyond 
this value ; and he also wanted to adopt 54" as the annual rate ; hence, his 
zero-precession year monies to Saka 342. Leaving aside, for the present , the 
years adopted by the second Arya siddhanta and Parasara, let us consider other 
years. The Zero-precession year according to a siddhanta would be that 
year in which the moment of the Sun's entry into the first point of Aries, accord- 
ing to 4hat siddhanta, coincides with or occurs very near to the moment of 
sayana Aries Ingress. The times of mean & true Aries Ingress in Saka 450, 
according to different Siddantas, were as given below :— 



Mean Aries Ingress 
(Saka 450) 

Caitra S. 14, Monday 

,20-3-528) 
(after mean sunrise at 

Ujjayini) 



True* Aries Ingress 
(Saka 450) 

Caitra S. 12, Saturday 

(18-3-528) 
(after mean sunrise at 

Ujjayini) 



Original Surja Siddhanta 
Five modern Siddhantas . 
First Arya Siddhanta 
Second Arya Siddhanta . 
Raj Mrganka. Karana Kutuhala 
Brahmagupta Siddhanta . 



Ghati 

45 
46 

45 
47 
47 
52 



Pala 

13-5 

38.2 
6.2 
13-2 
24.6 
10-8 



Ghati 

34 
36 

34 
36 
37 
41 



Pala 

49 
14 
42 
49 
1 
47 



{On caitra S. 13, Sunday) (On Caitra S. 11, Friday) 



The Sun's tropical longitude **at the moment of the true Aries Ingress 
according to different Siddhantas was as given below :— 



Original Siirya Siddhanta 
Five modern Siddhantas 
First Arya Siddhanta 
Second Arya Siddhanta 
Raj Mrganka etc. 
Brahma Siddhanta . 



Sign Degree 



Min. 



11 


- 29 


58.9 








0.3 


11 


29 


58.8 








0.9 








1.1 


11 


29 


7.1 



a J ii rue Anes In S ress occurs 2d— lOgh— 15p before the mean according to S. S 
in t~ \a~ 24p beforemean according to Brahma Siddhanta. The difference of 2d 

-~10gh— 24p has through out been taken. It will, however, C4use no difference in "the 

result. 

**The tropical longitude of the sun has been calculated from Keropant's Planetary 
Tables. While calculating it, 3 minutes of arc have been adopted as secular equation. In 
his book Keropant Ijas taken the true Aries Ingress (Nirayana) according to the Siirya Siddha- 
nta. Hut the time adopted by him for it is.slightly in error. The moment of the true Aries 
Ingres as actually calculated from S.S. is 51 palas less than that found from Keropant's book. 
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This shows that Brahmagupta's Samkranti differs much from the ' Sayana 
sJkrLibv about 54 Ohatisin Saka 450, and the year m which both the 
iamkrlnds would coincide comes to Saka 509 this is so because the length 
nf The vear IdoPted by Brahmagupta is different from that of others. The 
of the year adopteo _oy j> * v discussed in the course of 

r'auThors t SS^o? BSffi^. This pomt and the moments of the 
rue Aries "n«eTrivenlbove show that when the Zero-precession year was 
dXmlned TwL'not determined from **^*£^?*S^ 
The Zero-precession years, that is, the years in which the moment ot me irue 
ArLf Ingress of the other Siddhantas coincided with the moment of th 
fayaL Aries Ingress, on the basis of their respective year-measures are as 
follows :— Saka 

Five modern Siddhantas including S.S. 

Mool Surya Siddhanta, First Arya Siddhanta . • . ^ 

Second Arya Siddhanta, Rajnirganka, etc. ... • . • 

This will show that, of the zero-precession years given by different works 
/WP^?1M those of Munial and Bhaswati Karana are very accurate. The 
faka yearVfor 445 which is now in use, is also fairly accurate.* The reason 
why S S adopted Saka 421 as the zero-precession year, in the author s opinion, 
appears to be as follows :— 

According to this Siddhanta, the "Ayana" completes one oscillation in 
72<wS2S m other words the equinox moves in one direction and returns 
to its nlace in 3600 years. It was at the initial point at the begimng of Kali- 
vJa t£ period of 3600 years from then terminates in Saka 421 ; and L the 
iue Arie ^Ingress according to S.S., occured in that year only about 29 ghatrs 

"ie^ than ?ne Sayana ArL Ingress ; hence, Saka 421 was ^adopted as the 
7>rn ^recession vear. The work, Karanottama, gives 438 as the year but 
?S?aSha8^ seen the work he refrains from offering any .comments 
on it sSl the year is very near to the correct one. According to the method 
SI™.* the Second Arya Siddhanta, the year comes to Saka 527. It has 
Sreadv b en pointed out above/hat as the method of finding the ayanamsa 
S to T "of .finding the idination, the rate of Precession is no talggs 
the lame The second Arya Siddhanta was written some time aftei Saka 
527, Xn th ayanamsas obtainable from o\her works, those calculated by 
The method of the second Arya Siddhanta and ihose found by ob«jvmg 

he shadow, all the three amounted very nearly to the same >q«n tig and the 
number of revolutions of the ayana-pomt was determined on thai i basis and 
**this is the reason why the Siddhanta gives Saka 527 as the \Z*™£™ e £™ 
t/Mr Thp ^me thine applies to Parasara's view cited in the second Arya 

on. ^ 

alS °. V . a Ta k b f„ g a «hTsfor granted, .he date of 0. corapila.ioa of .he second lryasiddha.ua 
comes to about Saka 900. 
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How Ayanamotion and the Date of Zero-precession were Determined 

,We tested the accuracy of the precessional motion and the date of Zero- 
precession after comparing them with the tropical longitude of the Sun found 
irom modern European works and the rate of precession determined through 
accurate investigations of modern times; but we must see how our people 
determined these things at all. Bhaskaracarya says :— 

ifsT^ fcf ?m\ srnsrf Tfofaft ^^fs^f^ i aforc far 

The purport of these lines is that the difference between the calculated 
longitude of the Sun on the Vernal or Autumnal equinox day and the equinox 
concerned, is known as Ayanamsa. Bhaskaracarya further observes that 
the difference between the longitude of the Sun on summer or winter solsticial 
days calculated from siddhanta and allied works and 3 or 9 signs also gives the 
ayanainsa. The Ayanams'a should, therefore, be briefly defined as the 
difference between the sayana Sun and calculated Sun." The Siirya Siddhanta 
m the chapter on ''three problems" says, ' ■ ' 

*¥ TO^t T^'SW f^lf* || 5Ti^T ^p ^fa<f ftf Sfwtf^ TOTFET l\ U \ 

srarrcf^n^ar q^r^^T^ ii* 

f^5r«rT^r^TT. 

The S S. has, in verses 17 to 19 of the above-mentioned chapter, described 
the method of calculating Sun's longitude from the length of the shadow and 
it is indisputable that the longitude so obtained must be tropical (sayana) 
Hence our works define. AyanamSa as the difference between the Sayana Sun and 
the calculated Sun. And it is evident that by following this method some time 
alter baka 445, our astronomers must have found the sun's longitude several times 
trom the shadow and thereby determined first the ayanamsa for the date, then 
the ayana motion and from that the zero-precession year. Observation work 
must have been carried on for several years for this purpose. It is obvious 
that the longer the period of observations, the more accurate such results would 

ASSOCIATION OF THE JUNCTION-STAR OF REVATI WITH 

AYANANISA-PROBLEM 

The above discussion will also show that the junction star of Revati (Zeta 

Biscmm) has nothing to do with ayanamsa or ayana-motion. According to 

modern astronomy the length of the sidereal year is 365 d 15 g 22 p 53**** if™ 

LImL^ ^ 5* measure of the y^r adopted by our astronomers, then the 

JS ?• ° f £ e Z at! or some other star assumed to be the initial point of 

1™J???£ ^° U ?• haVe had some relation with the ayana motion. In other 

Z^fkn 4^ 10 M Star0f ? eVatlhadbeen takento be the in " ia * Point!, 
then feaka 496 would have been regarded as the zero-precession year since 

the equ inox wa^con jomed with that star in £aka 496, and ayanamsa would 

*The meanirg of this verse has been given (page 207) ~~ 

**Le Vernier's Tables. 
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have been defined as the distance of the junction star of Revati from the equinox. 
But the length of our year is not equal to that mentioned above, and hence, 
it cannot with certainty be called a sidereal year. Again, if the junction star of 
Revati were taken as the initial point, its longitude ought to have been zero ; but 
S. S. and Lalla do not take its longitude to be Zero. Aryabhata and Varaha have 
not given the longitudes of junction stars at all. Brahmagupta and almost all 
other later astronomers except Lalla regard its longitude as Zero ; but then: 
initial point was not and could never have been near the junction star of Revati. 
If we try to find out the year when, according to the modern S. S. the sun, at the 
moment of the vernal equinox, was near the junction star of Revati, it comes to 
Saka 177 ; and from that date, the position of the initial point of S. S. has been 
moving east of the junction star of Revati at the rate of 8" -5 per year.* The 
year in which the initial point of other works except the Brahma Siddhanta 
coincided with Revati and its annual rate of eastward motion, agree with those 
of S. S. The year' in which according to Brahma Siddhanta, the sun was con- 
joined with the junction star of Revati at the time of the true vernal equinox, 
comes to Saka 598, and his initial point has been moving east of Revati at the 
rate of 7"'38 per year. In short, if it be assumed that the year adopted by our 
astronomers was sidereal and that Revati was the initial point, the year in 
which the equinox coincided with Revati would be the zero-precession year, 
and the distance of the equinox from this star (in any subsequent year) would 
be the ayanamsa. Theoretically, the argument would be correct ; but it is not 
borne out by' facts. In other words, we would not get the expected results 
because of a different length of year adopted in our works. Again, the star 
which is named Zeta Piscium by European astronomers and which has been 
determined to be the junction star of Revati by Colebrooke and other European 
scholars, is a very faint star. The stars have been graded according to their 
importance and luminosity. Very bright stars like Spica (Citra), Arcturus 
(Swatf), Aldebaran (Rohini) are classed as stars of the first magnitude ; Uttara 
Anuradha and some others are of the second magnitude, Krttika & some others 
are of the third magnitude while Pusya and some others are of the fourth 
magnitude i Revati stands between the 4th and 5th magnitude. According 
to some, it has even been classed as a sixth magnitude star ; there are only 
2 or 3 other stars out of 27 which are similar or inferior to it in magnitude. 
Orhodox astronomers who can point out this star in the sky would rarely be 
found at present. In short it is such a faint star that there is hardly any possi- , 
bilityofits being used for observation. It is clear from the above (-page 218) 
quotations from S. S. & Bhaskaracarya that it was not used for finding the 
ayanamsa, and wherever methods of taking observation^ave been described 
in our works, fixed stars have very little to do with them. The method of 
converting a planet's place into its sayana equivalent and then observing it 
with relation to the equinox or the Sayana sun appears to have been consi- 
derably in use. The author will now show by an example how an error would 
have occurred in the result, if our astronomers had assumed some relation 
between Revati star and precession, that is to say, if they had adopted 50 -2 
as yearly ayana motion, which was its displacement from the equinox in one 
year, and had defined "Ayanamsa as its distance from the equinox." The 
Sun's longitude on Friday the 23rd September 1887, Asvina S. 7, Saka 1809, 
at sunrise according to Grahalaghava, was 5 B 1° 5' 37*. The ayanamsas 
in this year were 22° 45'. Adding these to the above value, we get 5 s 29 50 
37' as the tropical longitude of the Sun. The Sun thus e nters Libra (sayana) 

*The mean Sun moves by so much during the time difference between the length of 
the year of S. S. and the accurate modern value of the sidereal year. 
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after about 9 ghatis after sunrise and that day ought to be taken as an equi- 
noctial day ; and the Grahalaghava almanac has given 30 ghatis as the length 
of the day on that date. For the same day, Keropant's almanac and Sayana 
almanac show 30 ghatis as the length of the day. It, therefore, shows that 
the length of the day given by the Grahalaghava almanac is correct. Now, 
Keropant's (PatwardhanI) almanac has given 18° 18' 13" as the Ayanamsa 
for the date, which is equal to the distance of Revati from the equinox. Add- 
ing this arc to the Sun's longitude as calculated from Grahalaghava, we 
get 5 8 25° 23' 50" as the Sun's tropical longitude. This means that the length 
of the day would be 30 ghatis, 4 or 5 days after the 7th lunar day of Asvina 
Sukla, which is wrong. We must, therefore, accept the view that our astro- 
nomers were quite justified in determining ayanamsas on the basis of the 
difference between- the observed longitude and the calculated longitude of the- 
Sun, and the Ayana motion on -the basis of these Ayanamsa figures, it 
would be proper to ehange the ayana motion, if the length o£ the. year is changed. 

WHEN WAS PRECESSIONAL MOTION FINALLY DETERMINED ? 

It is rather difficult to say when the ayana motion was finally determined. 
The Laghumanas Karana, written in Saka 854, has given the ayanamsas of its 
time and also 60" as the ayana motion ; and both these figures are tolerably 
correct. It is therefore, beyond doubt that before S~aka 800 people had 
completely understood the ayana motion. The astronomical works written 
before &aka 427, such as the original S. S., the First Arya Siddhanta & the 
Pafica Siddhantika do not speak of the ayana motionat all. From this it 
appears that the problem of ayana motion was not considered till Saka 427. 
The modern S. S. does mention it and it has been fully discussed on page 206. 
Brahmagupta and Lalla who' lived after the modern S. S. do not make any 
mention of the ayana motion while it has been referred to in the S. S. compiled 
before them. This fact makes one suspect that the verses about the ayana 
motion in it were interpolated later. The verses in question are given in the 
chapter on the three problems. As a matter of fact the numbers of the 
Ayana revolutions ought , to have been given along with other numbers of 
revolutions, in the chapter on mean motions. Again, the correction on account 
of ayana ought to have been mentioned in the chapter on true places, parti- 
cularly at the place where the methods for finding declination and *cara' * 
are described ; but it is not given there. There is, however, a solitary place 
(verse 6) in Patadhikara, where the correction is mentioned, in addition to the 
chapter on three problems, nowhere else it is mentioned. Further in the 
Manadhikara, the term " Ayana " is applied to the Sun's entry into Capricorn 
and Cancer. It clearly sliows that these verses must have been interpolated 
later on, because if they are totally removed from the chapter on three problems, 
one. would not feel any hiatres in the continuity of the text. But Bhaskara- 
carya seems to think that the Ayanacalana referred to by S. S. had been ex- 
panded before the time of Brahmagupta (See page 209). As Bhaskara- 
carya lived 500 years after the date of Brahmagupta, his statement must 
carry more weight than the inferences of modern students living 1200 years 
after Brahmagupta. One is thus at liberty to say that the problem of Ayana- 
Calana must have been under consideration at the time of the modern S. S. 
as it existed before the time of Brahmagupta. It was, beyond doubt, discussed 
in Visnu Candra's works which existed before the time of Brahmagupta, 
about Saka year 500. It was Brahmagupta's opinion that a Samkramana was 
Sun's entry into a tropical sign and the siyana " Mithunanta "/(the* Sun's exit 
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the difference between the lon^l ?f Mithuna sign were the same, or else, 
place of the sun wis no t tS^S^ i„ v h f- Ca,CU ? te ? and ° bserved ( S ^ na ) 
became a problem of s udv *£™t T hlS 'Ti In ™ 0rt ' the ' a * ana cala *a' 
fcnowledge^of ^1^^^ §& ? ° - d ** > trough. 

CHAPTER IV 

ON OBSERVATIONS 

General Description 

Our Tradition favours Observation 

Thus ,?., ,7 en P J 0Ved ° n the basis » f -J tUngs pointed on? in S oS' 

Yajurveda Sibel fl£ ?7 ?T *° S * tar?i s,ars and the P lan « s - ™e 
the aSr has Doint^ „,f ;" a ^atras at great length. In addition to this, 
of di^ne do a < ?hTn • L allu5 ' on ? to the constellations known as the pair 
?L t!"?.- g V ^ drane boat ' and the Prajapati controllins the naksatraf 

S«fSS tT ateS a 'ff 1 * "o^about the exK love o/?he 
S!i» ''^ ' he ori » n of the st0f y is found in the phenomena of the 
tiZ SJ .£ 5 con J ra ot>on with the star Aldebaran, and thTtattoWuta! 

SSSta. Tte°"i*S? T repeate i" y in a P eri ° d of s « ^ars out rfeve'y 
nineteen The Aswalayansutras allude to Dhruva and Arundhan vZ 

n7^tS^ n0m l non f satum ^"tag the car of Rohim ftOO years a^> 
S toS^taS^S "Jf "Option of p,ane, S; i2X 3 £S\g£ 

pnor to tnat m which our astronomical system was firmly established. Th^ 
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mainly deal with the' question of " grahacara" i.e. the movements of planets 
through the nak?atras. Varaha Mihira has in a long chapter entitled Ketucara 
described a good many comets. In the beginning of the chapter, he observes,' 

which means that he was describing the comets on the basis of the descriptions 
given by Garga, Parasara, Asit, Deval, and many other sages. The author is 
giving below some of the quotations from Parasara and others, cited bv 
Uhatotpala in his commentary on the above verse : 

gw: ii --^rremrcf ftwr wfr^ ^re^rer *rwt *& ^rcrf^f wmf^ *f*[w 

—TOTT: &&%: TTO TORT sft^T^t TOfcftwpcft """ TWf^rW¥*WrW 

f^qtfTtfOTTO^tfera: *r qwrat uroi^ g^q# ^^?fw ^ftwrnwfir n aw 

* 

Purport.— The Paitamaha comet re-appears after travelling for 500 years 
0-e. disappears for 500 years,, after it is first seen and then appears againt 
The comet named Uddalaka Svetaketu appears after travelling for 110 years. 
The comet Kasyapasvetaketu whose tail is pointed like a spearfand who, after 
,W tr'S nTf ^ COmet ^mfiketu, first appears in the East, after^ hav- 
ZVt^f f ?u o ! yearS ' ? nd Wh0 ' after contacting the Brahma (Abhijit) 
theMrTZ\ 5 e * P0l t St f f ' thC »«*"««*** and the Great Bear, traverses 

ve^tm l Q S r y ' tU T S t0 the left and & Yes P lent Y of cr °P s for ^ many 
years as the numberof months it remains visible in the sky, with its semi-circular 

SliJr ■* Vlbhavasu J aras miketu, after having travelled for 100 years, 

S?l o?smoke PearanCe nCar K ' ttikS §tarS after the Avartaketu - Jt nas a 

rece^H^? 1 ! 0118 ^iSS?? f** c °««ts are available. The comets may have 

inves V f ea tpH ? ames f UddaIaka > Kasyapa etc. after the £sis who discovered and 

orlsemii ^ DatUre f tbeSe COmets - This is J" ust like what ^ find at 

5? T»Za t Ca | e ° f comets such as Enk ^'s comet, Halley's comet, 

have hSn a f r Eur ,?P ean astronomers ; and these descriptions appear to 

clnturils TheV? the + baS1 ^ S f **?"*«* traditionally carried on through 

mfned tt I^V^^u ° f Ar yabhata and Brahmagupta that they deter- 

aTreadv h^ nS f/u* Sun and Moon after observing the eclipses have 

nuouX for c glVen ,' If the WOrk of takin S observations is carried on conti- 

thTw thont rn^ al *?"** * gl T USeful results ' and * * not possible to do 

desert r^L,7 Peonage. Varahamihira has described how astronomers 

in S Srvf° tw aIS ? V ntten that kin S s should employ astronomers 

dai v obser^S ha V ll m \° f them should be en S a ged in the task of taking 

selves different * At ^ and that they ^ould distribute amongst them? 

J^ve^ hfierent parts of the sky, and then take observations. Fro m this and 

iseen'^^eS^^n^P^A^^,™ ^^™* 8 ^ inBhftrata, as can be 
abore reference a^al^frn ?w 4 ♦ ( £ ag i 11 > II ^n 18 fr ° ra this and also from the 
naksatra, ^ the deity controlling the Abhijit 

and the description of thTplac^ o^cTnld hVtf c ^f ^ ^ars around the Abhijit star 
khe celestial globe There ifnm^^ by -S e C .° me u agreeS w - lth what one ma y fin <* °» 
fehapeof the hair SeSih^S S tL imp ° sslb J e ln , this - Particularly the semicircular 
Eespect to star ?in the sky *<> Passage) tallies exactly with the position with 
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from the astronomical works, Rajamrganka Karana by King Bhoja, and 
Karana Kamala Martanda by King DaSabala of Vallabha dynasty which have 
been mentioned before and from the fact that several authors of astronomical 
works had the patronage of kings, as can be seen from their own account, 
it appears that the work of taking observations used to be carried on by royal 
support. Corrections recommended by different astronomers to be applied 
to the mean places of planets have bejen given before at several -places. It 
is evident that these could not have been devised at random. Kesava, for one 
has described the observations actually taken by him (page 129). 
Kamalakara the author of Siddhantatattvaviveka has declared that the pole 
star has a shifting motion. Even in these days we come across persons who 
have a hkmg for observing things. One finds several persons who can correctly 
point out the planets and several stars even though they have not studied 
astronomy. Thus two persons who had absolutely no knowledge of English, 
Sanskrit and astronomy once casually told that the pole star is not stationary • 
and one of them was very fond of observing stars, risings and settings of planets 
and their conjunctions, and he was very helpful to the author. Once a Vaidic 
Brahmana, named Padhye, a resident of Agasi, casually met the author in 
Poona in Saka 1809. He had not studied any system of astronomy. Still, he 
chanced to state that, while most of the stars moved from east to west, some 
stars (those near the North Pole) move in a reverse direction, that is from west 
to east ; and he told that he came to know of it from his brother Narayana 
Janardan Padhye. That brother died in Saka 1795. At that time he was 
about 22 years old. He was surprisingly intelligent. There may be several 
such people living. The experiences related here may appear very trivial to 
some ; but man must have acquired knowledge of astronomy in the initial 
stages, through the efforts of such persons ; and my object in relating such 
experiences is to show that the habit still persists among our people. Euro- 
peans are surprised to see that while the Saura, Arya and Brahma siddhahtas 
mention the numbers of revolutions and other elements of planets, no hint 
is anywhere given as to how -these were calculated and no information of the 
observations taken has been recorded in them. But they do not take into 
considaration the conditions in ancient times and the beliefs of our people. 
In those times when even scripts or any means of writing, not to speak of the 
printing presses, were not easily available or were even non-existent and all 
knowledge was preserved by the tradition of bemg vocally imparted by the 
teacher to his disciples. Hence, it was but natural that only the siddhantas 
which embodied the results of research survived while their sources perished. 
Again, nobody will now feel astonished if one predicts the time of the occurrence 
m an eclipse. But in ancient times a man who could predict these phenomena 
was naturally considered to be superhuman. If he compiled a work, he 
would naturally incorporate in it only the resulting principles without mention- 
ing their preliminary forms or the means employed in arriving at them. Then 
m course of time, the work would possibly come to be regarded as 'apauru- 
seya' (divine) after the author's name is forgotten & lost ; and once this practice 
secured a firm footing, the future authors of 'human' works abstained from 
mentioning the preliminaries leading up to the final results. These were 
quite probably the reasons why our ancient works lack the information about 
the observations taken, similar to what we find recorded in Ptolemy's works 
about his own observations and those taken by Hipparchus, or in the works of 
later western astronomers. However, some information about the individual 
ertorts made in respect of observations has already been given and some more 
will be given further on. 
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DESCRIPTION OF INSTRUMENTS 

The instruments for locating the positions of planets and those for mea- 
suring time will now be described. Ihe works compiled by Bhaskaracarya 
are widely known. Hence, it will be of convenient first* to describe the ins- 
truments mentioned by him and then to give a brief account of what we find 
in other works. 

GOLA YANTRA 
OR 

(Armiliary Sphere) 

A straight round stick of uniform thickness should be taken. It may be 
called "pole-s^ick" (dhruva-yasti). A small spherical ball which can easily 
slide should be fixed in it, m the centre, to represent the earth, Then a (con- 
centric) sphere to represent the starry sphere should be fixed ail round it, 
It should represent tne celestial sphere in which the Sun and other planets 
are seen to move round the earth. The construction of the sturry sphere 
(bhagol) is as follows :■ — 

Prepare an exactly circular ring**. It should be so tied at two points to 
the pole stick that it will be divided by those points into two exact parts. A 
second ring of the same size should be tied to the stick', so that it will cut the 
stick in those two points, will be perpendicular to (the plane of) the first ring, 
and will itself be bisected at the two points. These circular rings ajre called 
the pair of "standard great circles". Tie a third ring to these rings at four 
points so that it will be at right angles to them both, and the pole stick will 
be its axis. This ring is termed 'Nddivalaya or Visuvavrtta'. Divide this 
ring into 60 equal parts to represent nadis (.or ghatika ). A circular ring of 
equal circumference, called 'Krantivrtta' or the ecliptic circle should be tied 
to the 'equator-circle' cutting it at two points and inclined to it at an angle of 
24°. The Sun moves in this circle. It should be divided into 12 equal parts 
to represent the signs. If the ball representing the earth be supposed to be a 
planet other than the sun, 'great' circular rings should be tied to the 'ecliptic- 
circle' at angles equal to the inclinations of the orbital planes of the planets. 
These also should be marked to show the signs. Then circular rings showing 
diurnal circles should be tied to the ecliptic circle. While tying the circular 
rings, care should be taken to see that a portion of the stick is kept project- 
ing and these ends should be passed into two tubes fixed in the celestial 
sphere whose construction is described later on. The ends of the polestick 
should point to the poles of the equator, so that the north end of the stick 
should be found to make an angle, equal to the latitude of the place, with the 

* This description has been given from the chapters oh Golabandha and Yantras (istru- 
ments). If an attempt be made to describe in deteii the nstruments alorg with an expla- 
nation of their names, such asNadvalaya, ?nd ether terms, much space will be occupied, 
and even w th all th?t, it is very difficult to present a description that would 
enable one to understand them properly without actually seeing them. Hence, only 
a brief description has been attempted. These however, will help even a layman to 
understand well the chapters on Goladhyaya and Yantradhyaya by Bhaskaracarya. If 
all these instruments are made in the Chhatre memorial scheme, they will prove very 
useful at a moderate cost. 

♦ ♦Straight, pliable, and soft bamboo* have been recommended for preparing these 
rings. Even those made out of wire will do. These rings themselves represent circum- 
ferences »f circles. 
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north pole of the equator lying in the celestial globe which is fixed clearly all 
round the 'starry sphere'; and the ends of the pole stick should be so passed 
into tubes that, while the 'khagoi' (celestial sphere) would be kept fixed in 
position, the starry globe would freely rotate in it. The celestial globe should 
be so set as to envelope the starry globe. Its construction is as follows. Its 
circular rings shouia, of course, be larger in size than those of the starry globe. 
The ring representing the 'samavrtta' (prime vertical) which passes through the 
zenith, nadir, and the east and west points, similarly the ring representing 
the meridian, as also the two other rings representing the secondary directions — 
all these four rings should be of the same circumference. These should be 
tied to one another, so that each of them would pass above and below the 
others. The ring representing the plane of the horizon should be tied to them 
all, midway between them. The north pole should be set above the horizon 
at an altitude equal to that of the latitude and the south pole at an equal 
depression below it. Prepare a ring representing the ' UnmandaF (six o'clock 
circle) i.e. the great circle which would pass through the east-west points and 
both the poles which are points in the meridian circle to which the ends of the 
pole stick in the starry globe are directed. Then tie a 'nadivalaya' (celestial- 
equator-circle) which lies in the plane of the equator of the starry globe and 
which is larger in size. This should be graduated into ghatis. Then fixing 
nails at the points"representing zenith and nadir, another ring should be so 
fixed in position that it would be free to rotate in a vertical plane with the two 
nails as the pivots. This is to be called a 'drngmandal' (i.e. the vertical circle 
for observation). As this is to be rotated inside the celestial glove it should be 
somewhat smaller in size. A planet is to be observed after so rotating the 
vertical circle that the planet would be seen in the plane of the observation 
circle. This celestial globe should be so fitted around the 'starry globe' that 
the ends of the pole stick could be made to pass through the two tubes fitted 
on to it. Then after fixing two tubes in the 'khagoi' from the outside, another 
globe called driggola should be fitted on ; and all circular rings like those m 
the 'khagoi' and 'bhagol' should be fixed on to it. This globe is to be cons- 
tiructed so as to enable one to have a proper understanding of the arcual lines 
like 'agra' (amplitude) 'kujya' (the radius of the earth) etc., which require the 
reference to two globes. The whole structure is now Called a 'gola' (i.e. 
a globe). (Our astronomers sometimes used the term "ksetra", to denote lines) 

The orbits of planets should, if necessary be tied in this globe separately 
with circles of aphelia and perihelia. This globe has been described to show 
the construction of the Universe. In fact it is very difficult to tie together 
all these rings, and it is still more difficult to take observations with their help, 
for instance, if the starrv globe is fixed inside a 'khagola', it will be difficult 
to fix the observation circle. It cannot be believed that Bhaskaracarya and 
others could not realize these difficulties. It is clear that at the time of taking 
actual observations onlv the most necessary rings should be made use of, 
and observation can thus be taken. We had no instrument of the type of 
astrolabe designed bv Hipparchus ; but this speaks for the independence of 
our works in this respect. The above globe can be used in place of the astrolabe, 
Brahmagupta, Lalla, and both the Aryabhatas have recommended the cons- 
truction of the same kind of globe. The globe described by the First Arya- 
bhata is less complicated than this. 

Bhaskaracarya has mainly described nine kinds of instruments, and their 
chief use is to find time ; but three of them can be used mainly for taking 
observations of the celestial bodies. I shall here describe all of them briefly. 

1 DGO/69 . 16 
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1 ; The Cakra Yantra (The disc instrument).-— 
^l7Z\tX,t^ttx^^\ M , ake K a ^ hole at its centre. Provide 

so that the axis will cast a shadow on the dkc tL T m * vertlcaI P Iane > 
the point in which the shadow ^ ft, •! ll C ' liie de S rees counted from 
line cuts it wTeive he rfSZS?*^ ^ t0 th f point in which the horizental 
point to tte towSS^?wS??f ?L d !f- SUn> ^ d - thC ? egrees COunted from ^ 
time of tne day can be caTul.L f ''"Vf ST the zenith distance - ( The 
that any two of the\erc mSE? ?° m S" 8 ^ l he Sam ? disc ma y be so h <** 
will be found to be in Z T /%*** Pu?ya ' Magha ' ^tatarakfi and RevatS 
plane of the echntiS Th^t^ ^ Um ' „ (T ? e disc wiil thus ** held in the 
to and %n s tl ^ff WlH be E ^ hted b y moving the eye 

latit He ^' " 4s 1 l*?*™ J,? "ff^ the sight ; the longitude and 

of the Gola Yantrar 1 ^ " 1S m a Way similar t0 the 'drnma^aP 

2.^ 77/<? Gz/>a (Semi circular disc) :— 

Tne half part of the Disc instrument is called a 'Capa' instrument, 
a 4ad"S^^ P a * of the <Capa' instrument u 

These ; ^ee instruments are chiefly used in taking observations. 

^^^^^^^J^^^-^^B^ 'bhagola' in a 
to be on a particular lv t^ P ? f \ pIa ff where the sun is expected 

cut the horiS^c^^MarWW ro ^e.the 'bhagola' that the mark will 
of the equator in The 'hh^nS u P ° mt ln the horizon in which the P^ne 
'bhagola* so that the JJ g 1 • Wl11 a PP ear to cut. Then again rotate the 

theThugola'tf he EnlZ^l^ Si?' 8 P ? sition wiU cast a shadow ™ 
of ghatif indicated between Z £^ ^P 5 e shadow is cast ' the num ^ 
of ghatis elaosed *ftl7Z • Sp0t t nd l he ^valaya' will give the number 

in S^^g^^^nZ^i day " J hen the P ° in?0f the edi *>^ 
k tu ;/-", ZOn Wl11 glve ^e ascendant at the moment. V 

Pass 5 aKS^ : ^?S££» f^ ?"*»* itS ™ in «***■• 
pointed to the pol h^nJTSZf^** 1° ^ e dlSC " When the rod is held ' 
Inatakal) or its S dement cl S h ° n T £f - nm ; and from {t the hour angle 
that the pole » sSk iSff^\f3,^ if d -" If thlS Very disc is so fitted in a globe 
occupy tKentra! position i.^^ 1 ^ CCnt f e and the terrestrial globe will 
signs! and the s'l?fdSon of Zn V"* 8 ^'^ gha * kas ' risi ^ of 
dwadasamSa & VrimlL^l *~ ZJ gS £ ag ? a ; hora ; dre ?k5na ; navamSa ; 
will help^n findin^thJtfifl ^ or W hen the shadow cast by the stick 
fi ttl " , ng the time elapsed and the sixfold divisions. 

' I' * ***** Ins t™ment :-This is too well known. 
$ \ e Sa6ku (Gnomon) :— 

in leng? ^Tfe ii'eS?^!?!!^* ™? ""^ tWck rod 12 ' an ^ Is ' 

^^^^ss ^^a^^ t^ e shtr r c a o s n t 51^ 

^e^TriptioowiUsho^ otitis not a wheel but a disc cut out from a sheet (of metal).' 
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8. ThePhalak Instrument : — It is an instrument for finding time designed 
by iSh&skaracarya on the principles of the Cakra Yantra. Its details are 
not given here for want of space. 

9. Ya&ti Yantra (Pole instrument) : — 

Draw a circle with any radius on an even horizontal ground. Mark off 
principal directions on it and then draw arcs showing 'agra' (amplitude of the 
day), both in the East and the West. Draw another concentric circle smaller 
in size and having a radius equal to "dyujya " (sky-radius). Mark off points 
on it to show 60 ghatis. Take a stick equal in length to the radius of the 
outer-circle and hold it pointing to the Sun, with its one end placed at the 
centre of the circle, so that the stick will cast no shkdow. Place in the smaller 
circle a rod which is equal in length to the distance of the other end of the 
stick and the end of the amplitude marked in the east* The arc showing ghatis 
intercepted between the end* of the stick will show the time elapsed (in ghatis). 
If the sun is in the West, the distance between the ends will give the number 
of ghatis showing the time left for the day to end. The methods of finding a 
number of things like 'palabha', with the help of the 'Yastiyantra* have been 
described. Brahmagupta and Ldla have described the Method of finding 
. the distance between the Sun and the Moon, and irom that the tithi, with the 
kolp of a similar but somewhat different type of a 'y as tiy antra'. 

Bhaskaracarya has mentioned two other additional self propelled instru- 
ments for finding time. 

We find in Atharva Jyotisa, discussion of the shadow cast by a gnomon, 
'which proves* that the gnomon was known to us before our science of astro- 
nomy came in contact with that of the Westerners. The Panca Siddhantika 
contains a chapter on instruments, which is not quite intelligible ; still it appears 
that many of the instruments described by Brahmagupta and others were in 
use in those times. Aryabhata I has not described any instruments at all, 
but has mentioned a globe as described above. He has, in addition, stated 
that a globe should be so prepared for finding time that it will automatically 
rotate with the help of mercury, oil, or water,** Take a wheel Fix in it 
somewhat hollow spokes half filled with mercury, with their ends sealed. The 
wheel will then rotate automatically. Brahmagupta and Bhaskaracarya 
have mentioned one such automatic instrument From the globe instrument 
of Aryabhata described above and from the references in the Panca Siddhan- 
tika to some wonders occurring automatically by means of the instruments, 
it appears that at the time of Varahamihira there existed such instruments and 
some other kinds of 'sway am waha' i.e., automatically working instruments. 
Varahamihira and Aryabhata have not described the process of construction. 
Brahmagupta also has described, in addition to the above instruments, some 
other wonders happening automatically, but has not described their processes. 

Instruments of the same type or with certain variations as those described 
by Bhaskaracarya are met with in the works of Brahmagupta and Lalla. ***But 
both of them have mentioned some additional instruments for finding time, 

*"(3) Atharva Jyotisa ", 

**Aryabhatya, Golaplda, coauplet No, 22. 

***Bhaskaracarya invented a new instrument called the Phalak instrument ; but its origin 
is to be found in the Cakrayatitra itself. Out of the remaining eight, Brahmagupta has not 
explicitly mentioned the Gola & Naflivalaya as seperate instruments. He has, however, 
mentioned the Golabandha which includes the two. Lalla has not mentioned tfce Nafli- 
A^alaya out of the eight instruments, but it is included in the Gola itself. It is, however, 
somewhat surprising that he ft as not mentioned the Turiya instrument. 

16a 
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viz. Kartarl, Kapala and Pltha. The modern S. S. does not describe any 
instruments in detail ; still it has mentioned the names of the following instru. 
ments :— Swayam-waha, Gola, Sanku, Yasti, Dhanu, Cakra and Kapala. 
It is interesting to note that the Panca Siddliantika, Aryabhatlya, modern S.S. 
and Lalla-tantra do not anywhere mention the 'Turiya yantra'.* It was 
Ptolemy among western astronomers who first invented the quadrant instru- 
ment. Before his time, they used the complete circular instrument for taking 
observations ; but later on, the Western astronomers began to use the quadrant 
instrument for all purposes. In modern times, however, the quadrant ins- 
trument has completely disappeared and the complete circle instruments have 
come into use in their place. Modern scholars accuse Ptolemy of having 
taken a retrograde step by introducing the quadrant instrument.** The pur- 
pose of mentioning this here is that while the quadrant instrument has been 
mentioned by Ptolemy, it was not known to our astronomers till saka 500. 
It, therefore, proves that the Romaka Siddhanta is neither a translation of 
Ptolemy's work nor has it been compiled on the basis of that work and that 
we knew nothing about Ptolemy's work, till at least Saka 500. The same 
thing was seen before from our study of the Romaka Siddhanta (Page 12). 
One more important thing which comes to our notice is that all our instru- 
ments have been invented by our astronomers quite independently ; and the . 
quadrant instrument which came into use later on, was also independently 
invented. It could have been easily suggested by the ' cakra' and capa ins- 
truments ; and since it occurs for the first time in Brahmagupta's work, it 
must have been invented by him.*** 

The second Aryasiddhanta and modern siddhantas by Romasa, sakalya„ 
Brahma, and Soma do not contain the chapter on instruments at all.**** 

ANCIENT OBSERVATIONS OF WESTERNERS 

It would not be irrelevant to say something here about the ancient methods 
of observations of the Westerners.? The Chaldeans, to whom the origin of 
astronomy is usually ascribed by European scholars, do not seem to have 
attained any excellence in this important department of the science. Their 
observations of eclipses of the moon, as cited by Ptolemy^ are as rude as can 
possibly be imagined. The time is expressed only in hours, and the quantity 
eclipsed in terms of the half & quarter of the moon's diameter. Herodotus 
states that the Greeks were indebted to the Babylonians for the pole, the gnomon 
and the division of the day into twelve hours. The pole seems to have been 

* After detecting this omission, the author could not find time for reading the texts of 
•US !*♦? orks , acutely, particularly with an eye to the word " turiya". I have, however, 
f«H n ; °* U ? s i 11 , tho s e Portions of the works where that word could possibly have occurred 
and ascertained that it does not occur there. 

**Grant's History of Physical Astronomy, p. 440. 

ci^w!J e - faCt ^. no ™ ention of the 'turiya' instrument has been made in the SOrva 
^ddhanta 1S *" addltl0naI proof to show that the work was compiled before Brahmagupta's 

su^^TSa^rSdd&sssr^" prove that **** smh ™ t&& «« ^^ «*« ^n «» 

Cha p t ter hi XVlII graPh haShten Written on the basis ofXSrant's History of Physical Astronomy, 

«i,vi tRehatSa / k states that the most ane'ent of these observations are the three eclicses. 
which occurred in the years 719 and 720 B.C. (Jour. B.B.R.A.S. Vol. XI). ccnpscs 
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a concave hemispherical sun-dial, having a vertical style in the centre, by 
means of which the interval included between sunrise & sunset was divided 
into twelve equal parts. It is probable that by the use of the gnomon the 
Chaldeans succeeded in obtaining an approximation to the length of the 
solar year, but there is not the smallest reason to suppose that they employed 
it in determining any other of the fundamental facts of astronomy. Indeed, 
they do not seem to have made observations at all for the purpose of forming 
materials to serve as the groundwork of future reasoning. They simply 
contented themselves with noting the more remarkable phenomena as they 
occurred, and hence deducing a few rough conclusions of a general nature* 
It would appear, however, that by comparing together the Chaldean records 
of eclipses some of* the Greek mathematicians ascertained with considerable 
accuracy several periods relating to the motion of the moon. The earliest 
astronomical observation recorded as having been made by the Greeks previous 
to the establishment of the Alexandrian school, is a determination of the summer 
solstice by Meton, in the year 430 A.C. The instrument, termed a heliometer, 
which was used by Melon on this occasion was, in all probability, no other 
than a modification of the gnomon. The date of this solstice has been chosen 
for the epoch of the Metonic cycle of nineteen years.* A new era commenced 
in the history of astronomical observation when Alexandria became the capital 
of the civilized world. Under the liberal patronage of the Ptolemies a magni- 
ficent building was erected, in which were deposited circular instruments for 
determining the positions of the heavenly bodies, and every facility was given 
to astronomers for prosecuting a continuous series of observations. Timo- 
charis and Aristillus are the earliest individuals mentioned in connexion with 
this school. These astronomers appear to have flourished about the year 
300 A.C. Ptolemy (150 A.D.) cites several of their observations. Among 
these are the declinations of a few of the principal stars and the records of 
eclipses. It does not appear that they were acquainted with any method for 
determining the right ascensions of the stars. Eratosthenes (275 B.C. circa) 
one of the Alexandrian astronomers, determined the obliquity of the ecliptic 
to be 23° 51' 19". It is manifest that neither the distances of the stars from the 
equator nor the obliquity of the ecliptic could have been determined even roughly 
without the use of instruments. In treating of the obliquity of the ecliptic, 
Ptolemy describes an instrument for determining the meridional altitude of the 
sun. It was composed of two concentric circles, placed exactly in the plane 
of the meridian, one of which revolved within the other about their common 
centre. The inner circle carried two small prisms attached to the opposite. 
extremities of a diameter, and when the sun was on the meridian, it was turned 
round until the shadow of the upper prism fell exactly upon the lower one. 
An index, affixed to the latter, then marked upon the graduated limb of the 
outer circle the meridional altitude of the Sun. It was, in all probability, by 
means of an instrument of this construction that Eratosthenes determined the 
altitude of the Sun at each of the solstices & hence deduced the obliquity of the 
ecliptic. Ptolemy cites a passage from Hipparchus which shows that at 
Alexandria they used to ascertain the passage of the Sun through the equinox 
by means of a circular ring of metal disposed in the plane of the equator — the 
shadow of the upper half being watched until it fell upon the inner or concave 
surface, of the lower half. It is not by what means the earlier astronomers 

*Meton fixed 6940 as the number of days in a cycle of 19 solar years (Indian Eras by 

Cunningham, page 43). This makes the length of the year 365d 15gh 47 368p^h Calippus 

-made an improvement in the Metonic cycle by discovering the cycle of 76 years by which tiife 

length of the year became exactly 365d— 15gh (Indian Eras,p. 43). It is worth noting that 

snone of our astronomical works have adopted these cycles or lengths of year. 
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determined the declinations of stars. Whatever credit may be due to the 
earlier astronomers of the Alexandrian school for the sound principles of 
observation which they appear to have practised, it is to Hipparchus alone 
that the establishment of astronomy, as a science of calculation based upon 
observed facts, is to be attributed. He determined the length of the year 
to be— 365d— 14g— 48p as against the former measure of 365d— 15g. 

He invented the astrolabe with which he used to find the longitudes and 
latitudes of celestial bodies. No one before him had a correct knowledge of 
the sun's apparent motion; and it was he who first compiled tables for cal- 
culating sun's true place; these were not known to anyone before him. He 
recorded observations of the moon, and appears to have compiled tables 
for finding the true place of the moon. He recorded observations of planets 
also. The observations recorded by Hipparchus proved useful to Ptolemy 
in deducing the correction for moon's longitude, called "evection" and to 
'establish the rule for finding the planetary motions. It has already been 
stated that Hipparchus found the longitudes and latitudes of stars. Ptolemy 
was not skilled in the work of taking observations. He invented the quadrant 
instrument. It is nowhere mentioned in clear terms how all these astronomers 
used to find time. It appears that they used to measure time by the shadow 
instrument and the clepsydra ('ghati' instrument). Sometimes they used to 
record what part of the ecliptic was transiting the meridian at the time of taking 
observations. The Arabs did not bring about any appreciable improvement 
in the instruments of observation; however, their instruments of observation 
used to be larger and better than those of the Greeks. The astrolabe used by 
them was much more complicated. 

The above account will show that uore of tie various lengths of the yeas 
described so far agrees with those established by our siddhantas. It hal 
been proved in the study of the five ancient siddhantas, that though the origina 
Romakasiddhanta may have been compiled on the basis of the work of Hippar- 
chus, the Romaka was not the most ancient of our works and that there were 
works on mathematical astronomy even before the Romaka (page 2).— 

Now the aixthor will describe our independent works relating to instruments, 
and observatories :— 

SARVATOBHADRA YANTRA :— It appears from two verses quoted by 
Bhaskaracarya, as from this work, in the chapter on instruments in the 
Siddhanta Siromani, that he wrote a work of this name for describing instru- 
ments, but as the work is not available, it cannot be described how the 
instrument was constructed- 

YANTRA RAJA :— There lived in Bhrgupura an astronomer Madan Suri 
by name. His disciple Mahendra Suri compiled this work in &aka 1292. 
There is at the beginning of the work a salutation to ' sarvajila' (i.e. the Knower 
of all things). From this it appears that this writer must have been a Jain. 
The work consists of five chapters viz. Ganita (mathematics), Yantraghatana 
(principles of instrument making), Yantra racana (construction of instruments), 
Yantrasadhanam (use of instrument), Yantra vicarana (theory of instruments), 
and has m all 182 verses in it. Malayendu Suri has written a commentary 
on it in which he says that Mahendra Suri was the Head Astronomer at the 
Royal Court of Emperor Fbrozb Shah. The Samvat 1435 (&aka 1300) has 
been adopted in many of the solved examples. In one case the Samvat 1427 
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has been taken and in another, Samvat 1447 ; and the commentator call* 
Mahendra Suri his preceptor, This shows that he (Malayendu Suri) was 
his direct disciple ; and the date of compilation of the commentary also was 
about Saka 1300. Sudhakara Dwived! published this work at VaranasL The 
author observes in the very first chapter, 

"The writer is presenting in this work the description of instruments 
which he has gleaned from various works on instruments written by Yavanas, 
just as nectar is taken out from ocean." 

He has assumed 3600 as the radius and 23° 35' as the maximum declination; 
he has given tables of sines, declinations and sky diameters for each degree 
and has given the length of the shadow cast by a gnomon of seven inches for 
each degree of altitude, varying from 0° to 90°. The commentator has given 
the latitudes of about 75 cities. The author of the work has given sayana longi- 
tudes and latitudes of 32 stars which are useful for observation, and has men- 
tioned 54" per year as the precessional motion. It is not possible to describe 
the construction of the instrument, Yantra Raja, briefly, and hence it is not 
given here. With the help of this instrument the following things can be 
found directly from observation :— the altitude, zenith distance, longitude and 
latitude of the Sun ; planets and stars ; distance in degrees between any two 
celestial bodies, the latitude of a place, the ascending sign and the time and 
length of the day. There is a commentary on this work written by Yajneswara 
in Saka 1764. 

DHRUVA-BHRAMA-YANTRA .:— Padmanabha, son of Narmada com- 
piled this work. It has already been pointed out (page 126) that the date 
of this Padmanabha is about Saka 1320. The work consists of 31 verses 
and has a commentary written by the author himself. This instrument known 
as Dhruvabhrama Yantra is meant to find time and it consists of a rectangular 
plank of wood, the length of which is double the width, and which has a chink 
bored in it .parallel to the shorter edge; the constellation of Dhruva-ma v tsya 
(polar fish) is to be observed through the chink. 1 The author does not intend 
to describe here in detail the construction of the instrument meant for finding 
time. The author has described the " Polar fish "* in the following words :— 
" There is a cluster of 12 stars round the North Pole. It is called the ' polar 
fish \ It has two bright stars, one of which is regarded as its mouth and the 
other as its tail. One of these is on one side of the pole at a distance of 3° and 
the other lies at a distance of 13° on the other side." The author has described 
the construction of an instrument by which time can be noted at night by 
observing the stars situated at the mouth and the tail. A method has been 
described for finding time by observing other stars at night and even the Sun 
during the day. Similarly, even the ascendant at any moment is found with 
the help of this instrument, and it evidently gives the sayana ascendant. 
The mean altitudes of junction stars of 28 asterisms at transit as observed m 
latitude 24° N have been mentioned. It shows that the author may have been 
the resident of a place whose latitude is 24°. 

♦See commentary on the 11th verse. 
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YANTRA CINTAMANI 

A mathematician named Cakradhara, son of Vamana, compiled this work 
and it has a commentary written by the author himself. In addition to this, 
there is a commentary on the work by Rama, son of Madhusudana, a resident 
of Parthapura. The author has not given his date, but as he has quoted m his 
commentary some lines from Bhaskaracarya's Siddhanta Siromani, and 
Rama, the commentator, has mentioned Saka 1547 as the date of his commen- 
tary the work must have been written some time between Saiea 1100 and ow. 
His words •• ksitipalamaulivilasadratna grahajnyagran* cakradharah mean- 
ing " Cakradhara, the leading astronomer, and who is a jewel m the crown 
of kings " shows ijiat he had the patronage of some king. The work has lour 
chapters containing 26 verses in all. Dinakara, son of Ananta belonging to 
sandilya gotra wrote a commentary on it with examples in the Saka year 1*767. 
Yantracintamani is a kind of quadrant instrument. The observations taken 
with this instrument give the longitudes of the Sun and the Moon, and also the 
longitudes and latitudes of five planets, the desired time, and the ascendant 
true for that momemt, and such other things. The planetary positions and the 
ascendant are sayana. 

PRATODA YANTRA 

Ganesa Daivajiia, the author of the Grahalaghava, compiled this work on 
instruments. It contains 13 chapters. The author claims that even while 
riding a horse one can find time by observation with the help of this Pratoda 
vantra, and also the shadow cast by the gnomon at that time. Its construc- 
tion is not described here for want of space. Sakharama and Gopinatha 
have written commentaries on this work. 

GOLANANDA 

This instrument was invented by Cintamani Diksit (page 174). He 
has written a work entitled Golananda concerning the instrument. It con- 
tains 124 verses. It has chapters (adhikars) on the construction of the instru- 
ment, mean places, true places, three problems, eclipses, shadow, risings and 
settings of planets, observations and conjunctions. The following things 
can be found from observations taken by the Golananda instrument :— 
Equation of centre to be applied to planets, planet's distance from the earth, 
true motion, declinations, ascensional difference, ascendant, directions, 
amplitude, zenith distance, vatan (deflections), parallax, nati (parallex in lati- 
tude), latitude, drkkarma and the desired time. There is a commentary on 
the work entitled Golan andanubhavika by Yajfieswara. 

There may be several such works on instruments. Rama, the commen- 
tator of Yantra Cintamani, observes : — 

f^f^rr% if^Tfrr ^Of?T 3fTT «nf: U ^: firfmftPRfaf aref^TT^ftPTT U 

" I have seen almost all instruments prepared by learned men, and it is 
my belief that this ' yantracintamani i is the best of all." This shows that 
several kinds of instruments were in use. 
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The instruments described in Siddhantasiromani and other independent 

instruments mentioned above are rarely seen constructed by any one at present. 

The gnomon and the quadrant instrument are found at some places. Some 

instrument by which the time of the day can be found is seen at a number of 

places.* 

OBSERVATORIES 

Let us now consider the question ofobservatories. It is evident that if the 
instruments of observation are permanently fixed they will be found more 
useful for observation. A building is specially erected for this purpose, and 
instruments are fixed in it and the work of taking observations is carried on 
there. Such a place is called ' Vedhasala ' (or Observatory). It seems pro- 
bable that in ancient times in our country such places might have been built 
under royal patronage and reserved for this purpose ; but we do not anywhere 
find their description. In some places, stone slabs are found on which lines 
showing directions are marked. It has been mentioned before, that Cinta- 
mani Diksit had such an arrangement for showing directions made at his 
place of residence in Satara. In 1884, the author had gone to Indore for 
taking part in the Sayana pancanga controversy. There he learnt that a place 
had been purposely set apart in the palace area, where lines showing directions 
have been marked, and astronomers, engaged by the Maharaja Tukoji Rao, 
sometimes used to take observations there. The author met an astronomer 
from Bid who told him that some years ago some instruments had 
been constructed for the purpose of carrying on the work of taking 
continuous observations with the help of a party of astronomers main- 
tained by the Moghul Government at Hyderabad ; but the work was 
later on discontinued. The author has seen astronomers at times taking 
observations by means of tube instruments. Such attempts on a moderate 
scale must have always been made in the past, but we have at present a reliable 
information about only one attempt of this kind made on a very big scale. 
It is as follows :— JayaSimha (page 169) built five observatories. The author 
is giving below, an extract** from the introduction to his own works 

*While this chapter was being printed (during the months of Vaii&kha and Jyestha of 
Saka 1818) Mr. Maraso Ganesa Bhanu, a resident of Miraj, sent to the author some papers 
on which he had copied out diagrams of some of the instruments. Bhanu is not an astro 
nomer. He is at present a pensioner of the Miraj State, still, he has a great liking for this 
subject. The original instruments of which these were the copies were constructed by one 
Sakharama Josi, a resident of Kodoli near Kolhapur, between Saka 1712 and 1718. Of 
these, some were probably made of cast brass, as stated by Bhanu. They include grades of 
some instruments and * turya yantra' , ' phalak yantra ' ' dhruvabhramana yantra ' and other 
instruments. One kind of Yantraraj instrument was constructed at Saptarsi (Satara) in 
Saka 1712 ; it has marked on its dial 17° 42' as the latitude of Satara, and the altitudes of 
junction stars of 27 asterisms and of some other stars at the times of transit, along with their 
directions ; e.g. the altitude of Magha has been given as 83° 57' South. Another Yantraraj 
has been constructed for Karavlr (or Kofioli) in £aka 1718. It has marked on it 17° 21' as 
the latitude of Karavlr (Kofloli) and the altitude of Magha as 84° 15' South. According 
to modern astronomy, the latitude of Satara is 17° 41' and that of Kclhapur 16° 41', and in 
Saka 1718, the declination of the junction star of Magha was about 12° North ; and the 
transit altitudes of the star were 84° 19' at Satara and 85° 19' at Kolhapur. Anyway, Sakha- 
rama Josi appears to have been very painstaking. The above-mentioned instruments are 
at present with his great grandson Sakharama Sastrl at Kadeguddi near Bel gaum in the Sa- 
hapur Taluka. His another great grandson Mora^astri lives at Miraj, and he has also 
-.some instruments with him. 

**This extract has been taken from an article by the veil known scholar, William 
Hunter, published in Asiatic Researches, Vol. V, pp. 177-211. 
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KSIZ MOHOMED by name. It will give a complete idia about his efforts •— 
so incapable are human beings of comprehending the powers of the Almighty 
that Hipparchus can be said to be simply a rustic, and Ptolemy only a swallow 
The theorems of Euclid are but an imperfect form of divine work Similar bv 
thousands of people like Jamsedkasl and Nasirtusl, have laboured in vain and 
became fatigued. The calculations made from works on astronomy like those 
ol Sayad Gurgani and Khayani, the Akbarsahl work of Insil-al-Mulacand 
and astronomical works of Hindu writers as also those of European writers 
do not agree with observed phenomena ; especially, the new moon's appear- 
ance, risings and settings of planets, eclipses and conjunctions of planets 
do not agree with observation at all. When this fact was told to Emperor 
Mohcmad^hat.he asked him {i.e. Jaya Simha) to decide the matter He 
erected at Delhi instruments like those erected by Mirza Ulugbeg at Samar- 

k J* d -- • Jaya Simha found that his ideas about the correctness 

of results could not be realized by brass instruments, because the instruments 
were small, not convenient for showing minutes of arc, their axes shift their 
places and get worn out ; the centres cf circular plates also shift their places 
and the planes of instruments get twisted. He thought these to be the reasons 
Why the calculations of Hipparchus and Ptolemy did not tally with observed 
results. He, therefore, erected the Jaya Prakas, the Rama, and the Samrat 
instruments which were perfectly stable and built in mortar and stone, whose 
semi-diameters were 18 cubits, and one grain (yava) in the circumference of 
which wouio represent 1 minute of arc. These were constiucted and erected 
with due consideration of geometrical theory, the meridian,and latitude of the 
place and with careful measurements. They were so designed that it wold be 
•possible to repair the defects caused by the sinking of drrufer plane- v-eapne 
out of axes surfing of the central points, and irregular spacing of minute 
divisions. An observatory of this type was built at Delhi. Corrections to 
be applied to mean motions of planets, which never agreed with obser- 
vation, were finally determined on the basis of observations taken with 
these instruments. In order to test the correctness of results of observations 
taKen at the Delhi observatory, he erected similar observatories at Sawai 
Jaipur , Mathura Varanasi and Ujjayinl. Observations taken at all these 
places tallied with one another. After seven \ears were spent in taking these 
observations, it was learnt that similar work was being done in Europe also 
Hence, MANUEL, the priest and some other scholars were sent there and 
™ e Planetary tables compiled 30 years ago and published in the name of 
L/£L*, were brought through them. The calculations made from them 
however, did not agree with observations ; it was found that there was an error 
ot about 1/2 degree and some perceptible etror in the case of other planets 
Hence under the direction of the Emperor, a work was compiled containing 
formulae and mathematical processes for calculation, which were very precise 
and correct. Its calculation exactly tallies with observation. (The emperor^ 
name was given to the work as a mark of honour.)" 

a *J UN J ER > visited four out of the five observatories about the year 1799* 

u n r7 • Wrote their deSc nption in the "Asiatic Researches" mentioned 

above. It is not given in full for want of space. The description of the obser- 

vatory at Varanasi, as given by Sherring (1868 A . D.) in his English book 

tHe was on the throne at Delhi from 1720 to 1748 A. D. 
or ^ a t J a a3 f«iS ,h xu COmp1 f t l d the , compilation of his work in 1 141 Jlijrl era (i.e. 1728 AD 
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onthecityofVaranasI, isgiven here, the description* being based on an 
article by Pandit Bapudeva on "Instruments located in the Mana Mandira", 
(Other observatories are constructed on the same plan.) ':— This observatory 
is situated on the bank of the Ganges at a spot known as Mana Mandira f 
Ghat. It is known as 'Mana Mandira'. This building and the whole locality 
is at present in the possession of the Maharaja of Jaipur. The observatory 
building is quite firm and strong. After ascending the steps on the outside, 
one enters into the square. After crossing it through, one reaches a staircase: 
which leads to the main part of the observatory. Some of the instruments 
in the observatory are very huge in size. This structure is likely to last for 
thousands for years very easily. Still, they are so delicate that they could 
give very accurate results as desired by the original constructor of these ins- 
truments. A Brahmana is appointed to look after its upkeep ; but it has not 
been maintained by him in a good condition. The instruments are getting 
damaged on account of heat and rain ; and their parts and subdivisions, being 
worn out, are vanishing awaya. After entering the observatory, one sees the 
'wall instrument' (Bhitti Yantra). It is a wall 11 ft. high and 9 ft. 1|" 
Ion* h-ilt in south-tc-north direction. With the holp of this instrument, the 
altitudes and zenith distances of the noonday sun, its m?ximum declination 
and the latitude of the place can be found. There are two large circular 
structures near, one is m?.de in stone and the other in mortar ; and there is 
also a square structure made of stone. This might have been used for finding 
the shadow of the gnomon and the azimuth. But all the marks on them are 
now obliterated. There is a very big instrument known as Yantra Samrat 
(the emperor of instruments). This is another wall 36 ft. long and 4J ft ^ thick 
and build in the south-north direction. One. end of the wall is 6 ft. 4* 
high and the other is 22 ft. 3f' high ; and this wall is gradual y elevated 
towards the north so that the pole star is visible in the plane. With the helt 
of ims instrument, the meridian distance, declination ana right ascension ot 
celesiial bodies can be found. There is another double wall instrument here. 
To its east is erected a Nadi Valaya instrument made of stone. There is 
similarly another small model of the Yantra 'Samrat instrument Near to 
it is a Cakra-Yantra fitted between two walls. It was used for finding the 
declinations of stars; but at present it is nor in good condition. There 
is a huge Digamsa instrument near it. It was used for finding the azimuths- 
of stars It consists of a pillar 4 ft. 2" high and 3 ft. 71" wide. There 
is another concentric wall having double its height and build at a distance 
of 7 ft 31" from it. The top surfaces of both the walls are graduated m 360* 
and directions are noted on them ; there is another Nadivalaya instrument 
to its south, but the marks on it are obliterated. 



♦The author could not procure B&P*aWs original work in spite of great efforts, 
tl thin* that the place may have received the name Mana Mandira because it was tho 
place where tha measures (Man) like the motions of planets used to be found out. 
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(2) ADHJKARA ON TRUE PLACES 

Chapter 1 

True places and motions of planets 

A planet is not found moving every day at its mean daily rate of motion 
which is obtained from the ameit takes to make a complete revolution through 
the Zodiac but at a greater or smaller rate ; and hence, on a given dav iit 
not seen actua ly occupying the place in the sky which is found from its mean 
motion by calculation. The position and motion of a pknet Ts acSv 
seen in the sky are called its true (spasta) place and motion It is me subta 
■of study for the chapter on true places to find theTrue position and motfon 
of a planet from its calculated mean position and motion [It ^a conven on 
with our wrfcs to speak of the true position of a planet as "true nlS" 
S^ ^ henCC ' thfS tCrm is S ° USed in some P pl n ces in t£7o& 

The chief reason why the true motions of the Sun and Moon differ from 
their mean motions is that according to the laws of planetary motions wS 
are now almosl t universally recognized, and which were first discovered by 
SrCe^olverrounT^ f d ^^{^^ by Kepler and SI the 
orbit Ind thirl L t Ua ' and ^ M ,° on rou nd the earth in an eUiptical 
SfankSwJ X It tW ° reasons . wh y the true motions the remaining five 
planets differ from their mean motions ; Mercury and the other four planets 

T^^^^Z^^^ 1 ^ ^ 8ives ^em in ZrS 
a position different from their mean positions and the other reason is that this 

ortne°ear^ ^Jll!*™ i° ^ Stm ' appears StiIi different ^ us (observe 
^SwS^^tn^^ 1 "^ ChangeS itS POSitl ° n in the'sky while 

Although our ancient astronomers did not know these reasons in their 

o?\^S^ZrAZL T T n V n thC v CaSB ° f five pknets and - e * ^e case 
to sSrt w^th li^r^ 1 y t, haV , C unkno ™^ assumed the same principles 
Sanets JS* ?!n g ?n Places ° f planets > and the true position? of 
?f not l th f Ti f + n by f ?i ™* our works agree to a considerable extent, 

h Sterner, ht° ^\T n u 1 }° S ! ° btained b * foIlowin S the ™*hods which 
me westerners have established after understanding the theorv Tn other 

ZZ&T fa?" 11011 ° f a PlanCt *** the -me^i^&by^cSSS 
methods of calculation occupying a particulars place in the skv we too aet the 

-Xence^anl't^ T° pU ?° * Ml °™* our owf^orksTald he 
Nation of ihfllV^ tW ° res !; ltS IS due t0 some sli S ht defect * or approxi- 
that s^eottrnf fl S aSS T, ed m ° Ur calculations, and also to the fact 

been °a?eh ? rif™™?*' m "^V* t0 the above two rea3on *' which have 
oeen lately discovered, were not known to our people The following His 

rSS^ th f tIUth ° f thQ ^^^t^t^i^o^^ 
woie indirectly known to our astronomers. 

■from its mean n^f ^ ?■ °!f th ° d ° f calculat hig the true place of a planet 
Vhftu ? lace 1S ex P laine d m our works by means of a diagram Here 

^SLe tS a l SiS', a8 \*f help ,° ne t0 ™k*** whallhfrealons a/e 
'w£' the^ a d .V r nC6 + betWeen the true and the mean P lace <> f a Planet, and 
wna. the ld eas of our astronomers were reparding this question; They draw 
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a circle to represent the planetary orbit, having for its centre, the centre of the 
earth. They draw another circle, equal to the first, such that its centre wilt 
be at a distance from the earth's centre. This circle is termed a ' Prativrttc? 
(eccentric circle) ; and the mean planet is supposed to move in that circular 
orbit, and the point of the planetary orbit which the mean planet would appear 
to occupy would be said to be its true place. 

In the adjoining figure the 
circle whose centre is E is the 
planet's orbit. Similarly, the 
' eccentric ' circle has been 
drawn with C as its centre ; 
and point ' M.P. ' in it represents 
the position of the mean planet and 
M, the corresponding position 
of the mean planet in its orbit. 
To an observer on the earth, 
the mean planet appears to lie 
in the line joining the point 
' M.P. ' to E. This line is called 
the ' Kama ' (radius vector). This 
radius vector cuts the orbit circle 
at T, and the true planet appears 

to be in the orbit circle at that point. The difference between the true and 
the mean place, viz. the arc MT (i.e. MET))is termed ' phalasamskar ' ', 
(i.e. equation of centre). The maximum value of this correction is called the 
' parama ' or 'antya'-phalasamskar (max. equ. of centre). The centre C of 
the eccentric circle is marked away from E, the centre of the orbit circle, 
at a distance equal to the sine of the maximum correction. The ' phala ' 
(i.e. correction) mentioned above, is called ' mandaphala ' i.e. equation of 
centre. The position obtained by applying this correction, or equation of 
centre, to the mean place of a planet (i.e. adding the correction to or sub- 
tracting it from the mean place, according as it is positive or negative) is termed 
the 'manda-spastagraha' (true heliocentric place t>f a planet). The true places 
of the Sun and Moon are obtained by applying only one correction, that of 
the equation of centre. But, the positions so obtained in the case of other 
five planets are not the positions at which they would be visible to observers 
on the earth ; (according to modern theory they will represent the true helio- 
centric position, that is the position seen from the centre of the Sun). They 
require another correction to be applied ; it is called the ' Sighra-phala-sam- 
skar ' (i.e. the annual parallax). When it is applied to the heliocentric posi- 
tion, one gets the position where the planet is observed from the earth. In 
order to find it, they assume another circle called the ' Stghra-prati-vrtta ' 
(sighra eccentric circle) and they find the required correction by regarding the 
position of the heliocentric planet as that of the mean planet. The operation of 
obtaining the ' mandaphala ' (equation of centre) is known as the ' manda- 
karma ' and that of obtaining * sighra-phala ' (annual parallax), as ' sighra- 
karma \ The method of finding the * sighra phala ' is expahned below :— 

The orbit circle drawn in the operation of "manda karma" becomes the 
" Sighra-prativrtta ** in the operation of "Sighra-karma", then taking a point 
away from the centre of this circle, at a distance equal to the sine of the maximum 
value of '6lghraphala\ another orbit circle is drawn with this point as centre. 
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The earth itself is supposed to be at the centre of this orbit circle drawn ia the 
operation of ' Sighra-karma '.The place where the heliocentric planet, while 
moving at its own rate of motion in the " sighra-prati-vxtta ".appears to be in 
the " sighra-kaksavrtta " is. its geocentric position. The planet appears to be 
at that place to an observer on the earth. Some people treat the ** manda- 
kaksavrtta " itself as the " Sighra-kaksavrtta ", and then they draw an equal 
circle called the " slghra prativrtta ", having for its centre a point which is 
marked at a distance equal to the sine of * slghra ntya-phala ' from the original 
centre. Then the heliocentric position of the planet from the * mandakaksa- 
vrtta ' is transferred to the " slghra-prativrtta ", and its place as ***u in the 
" kaksavrtta " is taken to be its geocentric position. Both the methods lead 
to the same result. 

The above diagram will show that the distance of the planet moving in the 
eccentric circle is not the same from the point E. The distance is greatest 
when the planet is at A (aphelion) and the least when it is at P (perihelion) ; 
in other words, the path of the moving planet is as it were assumed to be, 
elliptical. E is one focus of this ellipse. 

Parametoara, the commentator of Aryabhatai, has described in simple 
words, the method of drawing the figure for finding the equation of centre 
The author has not come across an equally good explanation in any other 
work. The author, therefore, quotes the verses here : — 

5u%*TW fFRTT: ^# 5T«P*# T^ 3? STTW II 

^srre^ qfcvpr ^m m ^e^mr s$ 11 % 11 

*Trorftprs<?rer <jforr m f^fr *UhM 11 
srfiws^ T^t $mz <^ *rr?r*rfa ^ if^f 11 ? ° 11 
5fty*-q=iTidr<i afore^r: ^t *rap!N- 11 

"The orbit circle, at the centre of which is the earth, and whose radius is equal 
tnjya *is called a Saighra ' circle (i.e. the orbit circle necessary in the geo- 

*The word ' trijya ' is now-a-days used as a technical term signifying semi-diameter 
But originally it stood for 'jya ' (sine) of 'tribha '(i.e. 3 signs or90 dSrS^SidS' 
astronomical works are generally found using it in that sense, ^hin th? SneteT of I 
-*"&«? su RP°^ d l ? «>? sistof 3 ^^(or21Wmmutfes),thes e mWiameterbeSnSe^uaI 



to 
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?tett S*& ^o^^Jt^L^t W» drawn wi Jl 
a distance equal to maximum < sTghra Si Tn«£„ S? ( °! - tho °, rbit circ,e > « 
position. This circle is termed « « ?tS?™* 1 • h ? d rectI0n of the ' %hr a ' 

a ' katov*iU ' (orbit circlef^ t£ > £ m - eccentrie c ^le. The same becomes 
circle, in the diS of ^^5^2??. ope ? ti ? n - A S ain > draw anot?e r 
of maximum equation of Centre ™,W° n ' *™m S its centre at a distance 
Saturn, Jupiter and Mars, SJt f n S^ T 1 ^ - eccentric circle, 
seen occupying certain olac^in tfefl r g m the manda ecpentric circle ' are 
< h«wJ2w ' !S ; ar ^X tr eh0C f ntnc orbit circIe > and ^ey are termed 
Mars). They shou£ Tsim lar ^*l!^^™ ot **>«*. ^piter^nd 
circle and their corresponding posiS fn tH? ? ^ ™ *!• %hra - eccent ™ 
called their < true position WThfse should L ^ 1°^ drde would be 
positions). The circle having the eart" for it.t ^J be their geocentric 
orbit circle for Mercury and VerL r h ! Cent ^ e ' beco ™es the < Manda' 
circles lie at a S„Te S to S ^ ° f ^ ' manda ' ecc * 
from the centre of the orb t. The point oTth^T 111 equation of cen * e > 
should be taken to be the rentr? J?l nt ° f thls circle occupied by the Sun 
of this circle has been mention^ £ &X f ^ Circlc The ^ 
circle Merciuya^Vcn^^o^et^^^ °™*«***ri* 

b ~^^ explained in another way 

carya observes in this connexion^- * (apsidal circle). BhaskarA 

****** ^^ fcf v^dt q*ffPfrrf**t II v i, 

^^ ^ 5P?V t^R# ^nfeg JJ^T || 
point is called the « ucca ' (ar>helinn\LflZ y W0 P omt s—the farthest 
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The planet is seen at the end of the direction line (The heliocentric place at 
the end of the heliocentric apse line and geocentric at the end of the geocentric 
apse line.) " 



A P 




In the adjoining figure, the circle 
whose centre is E is the orbit circle. 
M is the mean place of the planet 
in the heliocentric operation and 
its heliocentric place in the geocen- 
tric operation, and the same point 
is the centre of the heliocentric 
or geocentric epicycle. The epicy- 
cle has been drawn with that point 
as the centre and the sine of the 
maximum equation of centre (or 
annual parallax) as radius. The 
point P in it stands for the planet, 
and the line joining it to the centre 
(E) cuts the orbit circle in the 
point T. It is the position of the 
' true planet ' (i.e. heliocentric or 
geocentric planet)'. Bhaskaracarya 
observes in regard to this theory : 

" As a matter of fact, a planet moves in the eccentric circle itself with i£s 
original rate of motion. The epicycle has been invented by astronomers only 
to calculate the equation of centre. " 

In the above figure, of all points on the eccentric circle, A, is at the greatest 
distance from the centre of the earth ; it is called aphelion. B is at the nearest 
distance ; it is called Perihelion. The Aphelion belonging to the Manda 
eccentric circle, is called ' mandocca ' or an ' apsis ' ; and that of the 
slghra eccentric circle is called the ' sighrocca ' or the apex of swift 
motion. The longitudes of the mandoccas of planets and their motions have 
been discussed in the account of Aryabhata I (page 69). The mandoccas 
have got a very slow* motion. The Sun itself is taken to be the ' sighrocca ' 
for Mars and other superior planets, and our works have assumed the same 
motion for the sighroccas of Mercury and Venus which these planets, accord- 
ing to modern theory actually have in their orbits. The above figure will 
show that when a planet comes to the position of aphelion or perihelion, the 
mean place of the planet and its true, place coincide. In other words the 

*Grant says (History of Physical Astronomy P. 97) that it was al-Buttani, an Arab 
astronomer (880 A.D.) who first discovered that the Sun's apogee has motion. This 
means that it was .not known to Ptolemy and Hipparchus that the Sun's apogee and the 
^ el f^°Lu P lanets h /ve motion. But our astronomer Brahmagufta has mentioned 
(628 A.D ) the motron of apheha of planets. Moreover it is met with even in the modern 
S.S. Prof. Whitney has simply ridiculed the fact that the motion given to the apsides of 
planets .is very slow according to our kstronomers. But the only reason of this is that 
his prejudiced mind could not tolerate the idea pf bringing down the Westerners to an 
inferior position by admitting that while Ptolemy never knew that a planet's aphelion 
has got motion, the Hindus knew it. But the writer has already explained in his account 
of Afyabnatat that the motion of aphelion mentioned in our old works is not as slow 
as Whitney considers it to be. 
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equation of centre is Zero. As the planet advances three signs or 90 a from the 
aphelion, the value of the equation of centre gradually increases and then it 
continually decreases till it reaches the perihelion. It increases again for three 
signs more and finally decreases till it teaches the aphelion. In short, whatever 
change occurs in the mean motion of the planet is in relation to the aphelion. 
The Surya Siddhanta makes the following observation : — ■ 

" The three invisible forms of time, viz. 6lghrocca, mandocca and pata 

which are supported by 'bhaganas '(revolutions) are the generators of the 

motions*of planets. These forms of time drag towards themselves by tossing 

and fro**, the planets which are tied by the reins of wind held by them." .' 

No other siddhanta hag given so much importance to the aphelia as the 
S. S. has done by regarding them as some animate objects. Brakmagupta 
simply remarks, -._,*■ 

'** The aphelia and nodes have been imagined as points simply to explain 
the phenomena of planetary motions. " * . 

Nowhere does the S. S. explicitly state that the, planets move in the epicychc 
orbits ; hence, it appears that the aphelia have been supposed to be some 
objects having forms. But when the pilanets are assumed to be moving in 
epicyclic orbits, their mean positions naturally undergo a change which simply 
depends upon the distance of the planet from the aphelion. 

It has been mentioned above that the epicycles are supposed to be drawn 
at a distance from the centre ofthe orbit circle equal to the sine of the maximum 
value of the equation of centre or the annual parallax. The value of the 
equation of centre or of the annual parallax concerning each planet is given 
in our treatises, and it is the convention to give it in terms of the circumference 
of a circle, having the sine of maximum correction (viz. equation of centfe) 
as semi-diameter ; in other words it is what the length of the circumference, 
expressed in degrees, would be, if a circle be drawn with the sine of maximum 
correction as semi-diameter ; and it is generally termed * Paridhi * or * circum- 
ference \ The circumference of the circle drawn with respect to the equation 
of centre is called the " mandaparidhi "' i.e. the dimension of the epicycle of 
the apsis, and that with respect to the annual parallax is called the * sighra- 
paridhi * or the dimension of the epicycle ofthe apex. The reason for expres- 
sing the equations in terms of epicycles seems to be the above system of 
drawing the epicycles of apsides. Considered independently, the circum- 
ference of the apsidal circle no doubt represents 360° ; but as the value ofthe 
equation is to be reckoned in terms of degrees of the orbit circle, the length, 
ofthe perimeter of an epicycle is also expressed by the same system of degrees. 

♦Here, the word * motion * is to be taken to mean true potion. 

**By "to and fro ** is meant the actual position in advance of or behind the mean 
position of a plaaet. (Ranganatha has interpreted this in a somewhat different way).. 
The position of a planet in the north or south direction changes because of the nodes, 

***3y ' motion * here is meant the true motion of the planet* 

1 DGO/69 17 
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The next table gives the dimensions of the epicycles related to the apsis and 
the apex as given by different authors ; similarly, their radii also have been/ 
calculated and given. The radii themselves represent the maximum values 
of their equations. While calculating the radius, the ratio of the circum- 
ference to its radius as mentioned by Aryabhata I and Bhaskaracarya, 
viz. 62832 : 10000, has been adopted. " . 

The arc of anomaly containing 3 signs or 90° is termed 'padcC quadrant). 
The first and third are termed * oja ' (odd) and the second and fourth ' Yugma 7 
(even). The authors of some siddhantas hold the view that the length of the 
circumference related to the odd quadrants is different from that of the 
circumference of the even quadrants ; and that it varies in the intermediate 
portions proportionately. In the following table, the paridhis of some planets 
according to the Pancasiddhantika have not been given, because the figures 
™Au m in that work are not known for certainity. In the case of other 
siddhantas, wherever the paridhis related to the even quadrants are hot 
mentioned, they are to be taken to be equal .to those related to ' the 
pdd quadrants. 

MANDAPARIDHI 

Dimensions of the Epicycles of Apsis and their radii or max. value of the 
equation of centre . 



- 


The S. S. from 

Paca Siddhiin/ 

tika 


Modern Surya Siddhanta 


First Arya siddhanta 


Planet 


At the end of odd 

quadrant 


At the end of 
even quadrant 


At the end of odd 
quadrant 




Circum Radius 


Circum • 


Radius 


Circum 


Radius 


Circum 


Radius 




f> O / » 


O / 


O t tf 


o 


o * tt 


O ,' 


<J t w , 


Sun 


14 2 13 41 


13 40 


2 10 30 


14 


2 13 41 


13 30 


.2 8 55 


Moon 


31 4 56 2 


31 40 


5 2 24 


32 


5 5 35 


31 30 


5 48 


Mars 


70 11 8 27 


72 


11 27 33 . 


75 


11 56 12 


63 


10 1 36 


Mercury 


28 4 27 23 


28 


4 27 23 


30 


4 46 29 


31 30 


5 48 


Jupiter • 


32 5 5 35 


32 


5 5 35 


33 


5 15 8 


t 31 30 


5 48 


Venus 




di 


1 45 2 


12 


L 54 35 


8 


2 5 53 


Saturn * 




48 


7 38 22 


49 


7 47 55 


40 30 


6 26 45 


Planet 


First Arya Siddhanta Brahma Siddhanta 

At the end of even At the end of odd At the end of even 
quadrant quadrant quadrant 


Second Arya 
Siddhanta 




Circum Radius 


Circum 


Radius 


Circum 


Radius 


Circum 


Radius . 




* ' o t » 


O / o 


t m 


o . 


or tr 


* r 


O / ft 


Sun 




13 40 


2 10 30 






13 40 


2 10 30 


Moon * 




31 36 


5 1 45 






31 34 


5 1 26 


Mars 


• 81 12 53 29 


70 


11 8 27 




N. . 


65 30 


10 25 29 


Mercury 


• 22 30 3 34 51 


38 


6 2 52 






27 36 


4 23 34 


Jupiter * 


• 36 5 43 46 


33 


5 15 8 






28 15 


4 29 46 


Venus • 


■• 9 1 25 57 


9 


1 25 57 


11 


1 45 2 


9 35 


1 31 31 


s aturn • 


• 48 30 9 18 38 


30 


4 46 29 






52 42 


8 23 15 
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Dimensions of the EPICYCLES OF APEX and their radii or max. value 
of the annual parallax. 





The S, S 


. from 


Modern Surya Siddhanta * First Irya Siddh&nta 


Planet 


Pafica Siddh&ntikS 

At the end of odd At end end of even 
quadrant . quadrant 


At end end of odd 

quadrant 




Circum 


Radius Circum 


Radius Circum Radius 


Circum 


Radius 




o 


O t * * 


o 


« t » 


D * / * 


• * 


o / » 


Mars 


. • 234 


37 14 32 


232 


36 55 26 


235 37 24 5 


238 30 


37 57 30 


Mercury 


142 


21 30 


132 


21 30 


133 21 10 3 


139 30 


22 12 7 


Jupiter • 


72 


11 27 33 


72 


11 27 ?3 


70 11 8 27 


72 


11 27 33 


Venus • 


260 


41 22 49 


260 


41 22 49 


262 41 41 55 


265 30 


42 15 20 


Saturn • 


40 


6 21 58 


40 


6 21 58 


39 6 12 25 


40 30 


6 26 45 




Fir$t Irya Siddhanta 


* . 


- Brahma Siddhfinta 


Second Arya Siddhanta 


Planet 


At the end of even 
quadrant 


At the end of odd 
quadrant 


At the end of 
quadrant 


even At the end of odd 
quadrant 




Circum 


Radius 


Circum Radiu » 

Q / O / * 


Circum Radius Circum 

o / 


Radius 

o / * 


Mars 


. 229 30 


36 31 33 


243 


40 38 46 50 


O Oft 

* 


230 59 


36 45 43 


Marcnry 


. 130 30 


20 46 11 


132 


21 30 




134 30 


21 24 23 


Jupiter .» 


. 67 30 


10 44 35 


68 


10 49 21 




69 30 


11 3 40 


Venus 


. 256 30 


40 49 23 


263 


41 51 28 


258 41 3 


43 261 30 


41 37 8 


Saturn . 


36 


5 43 46 


35 


5 34 13 




. 40 40 


6 28 20 



The maximum values of the equation of centre according to Ptolemy 
and those according to modern European astoronomers have been given 
below in a table.* One can, of course, compare them with the above 
values given in our old treatises. But in order to facilitate such comparison, 
the maximum values of the equation of centre at the end of the odd quadrants 
as given by Aryabhata I, out of our siddhantas, have again been given 
below : — * 

MAXIMUM' VALUES OF EQUATION OF CENTRE 



First 

Arya 

Siddhanta 



Ptolemy 



Modern 



Sun 
Moon 
Mars 
Mercury 
Juttfter 
Venus 
Saturn 



2 8 55 

5 48 

10 1 36 

5 48 

5 48 
2 51 53 

6 26 45 



2 23 
5 1 

11 32 
2 52 

5 16 
s 2 23 

6 32 



1 25 27 

6 17 13 

10 41 33 

23 40 43 

5 31 14 
47 11 

6 26 12 



*These have been adopted from the translation of the Surya Siddhanta by Burgess (p. 76), 

17a 
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The modern values of Mercury and Venus cannot properly be compared 
with those given in our works, because the modern values are true only with 
respect to an observer on the Sun's disc while our works have given them with 
regard to the observer on the earth. It would not be wrong, however, if ■ 
the values of other planets from both the systems are compared ; aid when 
they are so compared, it will be seen that the values given in our works agree 
with the modern ones to a great extent. The orbits of the moon ltA the 
planets are elliptical according to the modern astronomical theory. The 
value of their equation of centre varies with the changing values of the eccen- 
tricity of their orbits ; and these values of the equation of centre as given ' 
in our works agree with the values given in modern works. The form of 
planetary motions as given in our works has been shown Lbove 
which will show that although the writers of our works have not assumed an 
elliptical orbit for the movement of planets, still they have assumed that their '; 
distances from the centre of the orbit never remain the same, and that the 
equations vary with their position with respect to the points of apices known - 
as aphelion and perihelion, in the orbit; from this it would appear that ■■ 
ancient authors indirectly knew the main cause of me difference between 
the true and mean places of planets, that is the phenomenon of the movement 
of these planets (or of the Moon) in elliptical orbits. The annual parallax 
of a planet depends upon the variable distance of the planet's heliocentric 
position in its orbit from the earth. 'The figures showing the annual parallax 
as given in our works have been given in the above table (page 243) and it 
has been pointed out before (page 197)' that the radii vectors oi planets cal- * 
culated from them agree with the corresponding modern values. This fact 
coupled with the trend of the above discussion will show that our astronomers 
indirectly knew the second factor which was responsible for the difference. 
between the true and mean position of a planet,— that the position of a planet 
with respect to the Sun, which is known as its heliocentric position, differs from 
the positions seen by an observer on the earth, because the earth also revolves % 
round the Sun. 

That none of the values given by Ptolemy agree with the corresponding 
values given in our siddhahtas is one out of the many proofs* to show that 
Ptolemy had no concern with any of the siddhantas. 

Now some more noteworthy facts about the epicycles of apsides and apices 
may be mentioned. According to some siddhantas, _ the dimensions of epi- 
cycles are different in the odd and even quadrants. AryabhaTA I has shown 
much variation in these dimensions ; the Surya Siddhanta does not mention 
so much variation. Brahmagupta has assumed different dimensions for 
the epicycles in the odd and even quadrants only in the case of Venus, The 
modern Romasa, Soma, Sakalya Brahmasiddhanta and Vasistha siddhanta 
are almost similar to the modern Suryasiddhanta ; still the measures of epi- 
cycles, as given in the Romasa and Soma have been assumed to be the same 
throughout, and they agree with- those of the even quadrants mentioned by 
the S. S. The dimension of the apsidal epicycle of mercury, given by Soma 
siddhanta as 34, however, does not agree (with S. S-). The Vasistha 



* The Romaka siddhanta of the Pancasiddhantika gives 4°57 / as the maximum equation 
of centre for the Moon (See 8.6. Pafic S.). This does not agree with that given by Ptolemy. 
This is one of the proofs to show that the Romaka Siddhanta of the Pafica Siddhantika wa* 
not written by Ptolemy, 
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siddhanta does not mention* the apsidal epicycles at all. The dimensions of 
the epicycles of the apices have been given, but they do 'not agree with those 
of tho Su.ryasiddhanta, and hence they are given below :— 

Mars 234 ; Mercury 133 ; Jupiter 71 ; Venus 261 ; Satur 39. 
Theses are the same for both the quadrants, and though they do not agree 
with the Surya Sidhanta, they are easily seen to be approximately mean 
measures of the two kinds of quadrants. The copy of the Sakalya Biahma 
siddhanta in the author's possession does not mention a n y epicycles at all ; 
but there undoubtedly appears** to be in this copy, a break at the place where 
they are expected to have been mentioned. They must have been given in the 
original work. Lalla being the follower of Aryabhata I, the measures of epi- 
cycles given by both of them are indentical/ Similarly Bhaskaracarya was the 
follower of Brahmagupta and both have therefore, given the same measures 
But Bhaskaracarya has mentioned 50° as the measure of the apsidal epicycle 
of Saturn and 40° as that of its epicycles of apex. The Sundursiddhanta of 
Jnanaraja has given measures of epicycles similar to those of the modern 
Surya Siddhanta. According to Muniswara,, the author of Siddhanta Sarva- 
bhauma, it is illogical to asujne different measures for the epicycles in the odd 
and even quandrants. He has given the mean values of the measures of the' 
epicycles ill the odd and even quadrants given in the modern Surya Sid- 
dhanta. Different Karana works show some variations the measures 
of epicycles ; but it appears to be due to the fact that sufficient attention 
was not paid to their accuracy. There is nothing specially worth mentioning 
about them. *" 

The modern values of the equations of centre are given above ; but they 
are n J ^ t !fe al . wa y s the sa » e -' The y very with the lapse of time. The following 
table *** gives an idea of the long-pe.iiod variation affecting the value of 
the Sun's equation of centre. 



Years before 

r 1 


Maximum 


value of 


Years after 


Maximum value of 


Saka era 


eqn. 




of centre 


Saka era 


eqn 


of centre 


10000 


2 




31 





2 


1 


9000 


2 




28 


1000 ' 




58 


8000 


2 




25 


2000 




55 


7000 


2 




22 


3000 




52 


6000 


2 




19 


4000 




49 


5000 


2 




16 


5000 


1 


46 


4000 


2 




13 


6000 




43 


3000 


2 




10 


7000 




40 


2000 


2 




7 


8000 




37 


1000 


2 




4 


9000 




34 





2 




1 


10000 




31 



* It is found neither in the edition printed at V^ranasi nor in the version in the 
-DeCcan College collection. 

** The second chapter begins abruptly after an incomplete line of the verse : 
<e Maurvya Catuske", which i s given after 111 verses of the first chapter. The second 
chapter opens with an unexpected question. It seems that the epicycles may have been 
ment o f ;ed in between. It is surprising that the break was found precisely at the same 
place in the copies seen at Gwalior, Asta, and later on in the Anandftsrama copy 
(No. 4341). 

*** This table has been taken from the Planetary Tables of Keropant. 
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The table shows that the correction due to the equation of centre, in the case 
of the Sun, is gradually diminishing. This correction, according to our works, 
ranges from 2° 13' 41" to 2° 8' 55". It may be noticed that the more ancient 
treatises have given a greater value and the modern works a smaller one, 
as can be seen from the above table (page 242). It is easily seen that the value 
was determined after actual observations were taken at different times. Our 
astronomers have determined the correction figures for the Sun and Moon 
from the observations of their eclipses, that is from their positions at the 
moments of lunations. The modern European method of finding the true 
place of the Moon from that of its mean place, requires the application of 
five main corrections. It has been shown further that our people had deter- 
mined a value as the maximum equation of centre for the moon, which is 
equal to the sum of the four (out of five) corrections applicable at the moment 
of lunation. The m aximum value of the fifth correction of the equation 
of centre is 11 minutes. (Planetary Tables, by Keropant, p. 105). As its 
argument is Sun's anomaly, it was taken to be applicable to the Sun with 
minus or plus sign, where it was actually to be applied to the Moon with plus or 
minus sign. This has not affected the result of the calculation of the eclipse. 
If 11 ' be subtracted from 2° 14', which is the value of the sun's maximum 
equation of centre as given in our ancient works, our worKs can, in fact, 
be said to have given 2° 3' as the correction for the Sun, and that was actually 
the value in the year 500 B.S. Hence, our people appear to have found out 
the cerrection for the Sun atthat early period or at least two or three centuries 
before Saka era. The equation of centre for the Sun, according to Ptolemy, 
is 2° 23', which means that he had nothing to do with our works. Although 
Ptolemy has given 2° 23' as the Sun's correction, it was actually 2° in his 
time (about Saka 70). Obviously- it was not found by Ptolemy himself, 
but probably adopted from some previous writer. The fact that no one 
except Hipparchus possessed, before him, the knowledge of calculating the 
true place of the Sun and the fact that the length of the year according to 
Ptolemy and Hipparchus was the same* measure (365 d 14 R -48 p ) lead one to 
infer that Ptolemy had adopted the value of the Sun's equation of centre from 
Hipparchus. This inference is further confirmed by the fact that the Romaka 
siddhanta which was compiled on the basis of the work on Hipparchus has 
adopted 2° 23' 23" as the maximum equation of centre for the Sun. Nc one 
ever says that the Hindus borrowed astronomy from some work compiled 
after Ptolemy. No astronomer of equal capability flourished within 3 or 4 
centuries after Ptolemy. None of our Siddhantas contain the same equation 
of centre for the Sun as was given in the original Romaka Siddhanta. From 
all these facts, a n y impartial thinker will have to admit that it is proved beyond 
all doubt that our astronomers did not borrow the figures for the equation of 
centre for the Sun from any European work, but that they themselves deter- 
mined it before the Saka era. 

The modern maximum values of the equation of centre that have been 
given above(page 242) show that the equation of centre for the moon is 6° 17' 
But there are certain factors, other than the equation of centre, which cause 
a difference between the Moon's mean and true places ; and these sometimes 
cause a variation of 8° to 8£° between the mean and true daces of the Moon 
1; or finding this, about 40 corrections are required to be applied. Of these, 
the correction khown as the equation of centre, mentioned above, is a very 
iarge figure and the other f our corrections are also appreciably large. Of 

♦Grant's History of Physical Astronomy, Chap. XVIII. 
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at that moment. When the T value nf tS f (Zer ° l 7 WM moon ' s anomaly) 
correction attains its ^^X^TSV" IT ° F 'f ^ t£ 
anomaly at the time of the full or new L, if* * ? e * Ce * lf the moon ' s 
for calculating the correction due to ev?^ V ° T 9 Slgns ' the ar g^ent 
signs » U. 9 signs or 'zero ^La r me S i ens ' ? w 0meS -T l 6 ™ minU * three 
values of the Correction dS to evect on bec.l miS md the corresponding 
-1° 20 '**, and at that time , if the moon' ^anomSv if^^? +i ° 20 ' an ^ 
becomes -6° 17' and if the mooS anomalv k V 3 Slgn t' the e ^ u " of centre 
becomes +6° 17'***. anomaly is 9 signs, the equ. of centre 

corr^a^ -ximum value of the 

not . exceed ±1 • 20 ' 1 6° 1 7'~ * 4° 5? '. * eVeCtl ° n t0gether > would 

«°'^^ as ahead, 

centre as given by our siddhan.TS fe Vween "/dT^Y' 
proved to be very accurate* Trip k^ct «,-« r * ■ d 5 6 »■ has 

of the values of the equat omof centre in he caseV^eM" 8 */ """""V 

t 
No Western astronomer before Ptolemv Ww h™, t^n^A +u ^ 

* Keropanf's Planetary Tables, p. 1 10. " 

** Keropant's Planetary Tables, p. 106. 
*** Keropant's Planetary Tables, p. 109. 
**** Keropant's Planatary Tables, pp. 105 & 111 

*J3^rSV^^S,S^«<^ >****><* S - «* Moon 
ft Grant's History of Physical Astronomy, Chap. XVIII. 
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The equation of centre is found by the formula 

epicycle X sine of anomaly of p lanet. 

semi-diameter 

i ^ iSl n< I ra ^ (anomaly) is the difference between the place . of the 

fion tnat TZ nhe a ? hdi0n f ' ThC Sun and Moon require only one correct 
™«V f f equa , tlo I 1 of centre - Others require two corrections, the 
equation of cen re and the annual parallax. The calculation require the 
use of the planet s distance from the earth ; and in order to find the equation 
of centre accurately, one has to use the method of successive approximation. 

Sines and Radius 

.nZ^ Si ?3 d o han ^ W ° rks S ive si , nes of divisions of circle, each of which is 
equal to jj . ihe Karana works use divisions consisting of 10° to 15° each 
since taey are not very particular about accuracy. Most of the siddhantas 
have assumed 3438 as the value of 'trijya' (radius) while calculating values 

*•?!!?•- Bralima g u P ta has assumed it to be 3270. Kamalakara, the author 
ol biddnantatattva-viveka has mentioned sines of each degree of the quadrant 
assuming 60 as -the value of the 'trijya'. The Karana works generally take 
120 as tne value of the trijya. According to Sudhakara, Munjal has adopted 

a ? S . n ^, CTljya and Gari g ad hara, author of Candramana (page 195) has 
adoptee ;9i as the measure. The work Yantraraj has adopted 3600 as the 

«2£rV?X f7if n th f sine ° f . each de gree of the quadrant. Keropant Nana 
remarks' that the value of 'trijya', 3438, which this Hindu astronomers adopt 
is an awkward figure entailing unnecessary multiplication and division. This 
is to a certain extent , true. But our astronomers have at places made use of 
artifices to avoid lengthy multiplications 'and divisions ; and the reason for 
adopting that figure for the radius is a rational one, inasmuch as the circum-' 
terence of the circle is equal to 21600 minutes and the radius computed from 
it comes to 3438. The most accurate ratio of the diameter to the circumference 
is i .J ,h 15927. On the basis of this ratio, if the circumference be 21600, 
the semidiameter comes to 3437f. Our astronomers have adopted 3438 
as tn_e value after leaving out the fraction. This will show that the value of 
injya adopted by our astronomers is very accuratef. Our ancient authors 
nave assumed different figures as the ratio of the diameter to the circumference. 
Ihey are given below :-"- 

Surya Siddhanta, Brahmagupta, Aryabhata II . . 1 : V10 or 1 • 3 1623 

fflhln ^ B u- , - " •• 20000 : 62832 or 1 :3.1416 

Aryabhata II & Bhaskaracarya** 7 • 22 or 1 • 3 1428 

S^^fh^- • •"•' 1250 : 3927" or *1 : 3.1416 

J4J8 as the radius gives ; 1-3 14135 

Precise Modern European value *.'. 1 : 3.1415927 

diamZJf 6 ? 1 l L° m - peo £ le had a vef y accurate knowledge of the ratio of the 
v2£ £ 1 Clrcu p fere nce. If they have, at places, adopted an approximate, 

value, it is only with a view to simplifying calculations in practical work. 

* See Planetary Tables, page 314~ ~ 

"some otlr ^^m^'T asSU T the vaIue of a '^^ as «1»»1 to the 10th or 
and othei ^ radoTof L.h ^ **? ready ? ade tribles for the pur P° se " which ^ s ' nes 
Curacy is ensured ** '' a " d ai the tHjya is a Very !arge numb * r « reater 

** Aryabhata II and Bhaskaracarya each has mentioned this ratio in two ways. 
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Brahmagupta has given in the following verse the reasons for adopting 
3270 as the value of the semi-diameter :— 

Accurate calculation shows that the radius, corresponding to 21600 as the 
circumference, is not the whole number 3438, and it is true that because of 
this the " first sines " are not very accurate. But the author does not think 
that the value of the semi-diameter viz. 3270 which Brahmagupta has adopted 
on the basis of the ratio 1 : V10 of the diameter to the circumference or by 
some other method can be justified. 

The question of calculating sines and their origin has been dealt with as 
great length by Bhaskaracarya. Even the author of Siddhantatattvaviveka 
has given much thought to it. It is not necessary to deal with it here in detail. 
Playfair (1782 A.D.), an European scholar, observes about the origin of sines 
in our treatises, " the method devised by Hindu astronomers to find the 
sines implies the following proposition* :— 'The ratio of the sum of the sines 
of the first and the last of three arcs in arithmetical progression to twice the 
sine of the middle one is equal to the ratio of the cosine of the difference 
of the arcs to the radius'— This proposition was apparently not known to 
European mathematicians till the beginning of the 17th century". It is really 
creditable to our people'. Similarly the Greeks only knew what a chord is, 
but they did not know to make use of the first sines (jyardha). Even the 
Arabs didn't know of it till the 9th century A.D. It has been .pointed out 
in the account of Aryabhata I that it was known to our astronomers from 
Saka 421. Our people, however, did not have an idea of the tangent and the 
secant. Their purpose was, however, served by sines alone. 

Other Matters 
The question of finding when planets become direct or retrograde and when 
they rise and set, these and other like matters of secondary. importance are 
dealt with in the chapter on true motions. It is not necessary to deal with 
them at length here. 

Declination 
Our works assume 24° as the maximum declination of the Sun. The 
obliquity of the ecliptic had reached that value 2400 years before the aka 
era. It is 23° 27' 10" in the beginning of saka 1818. This means that the 
maximum declination at the present time, as calculated from our^wo rks, is 
wrong by 32' 50" . The obliquity about Saka 400 was about 23 39 . Ptoi .em y • s 
work (SYNTAXIS, Part I) mentions it as a value lying between 23 50 and 
?3° 52' 30* and it seems to be Prof. Whitney's opinion** that he borrowed 
this value from the works of Hipparchus. As this value of obliquity does 
not agree with the value given in our works, it is obvious that our people did 
not borrow their figure from the works of Hipparchus and Ptolemy. They 
must, of course, have found it independently and some time before the Saka 
era. The work entitled, Yantraraj, assumes 23° 35' to be the obliquity. (In 
fact, this was correct about Saka 900). But no later writers accepted it nor 
did they attempt to find it for themselves. 

* Asiatic Researches, Vol. IV. 
** Transaltion of the Suryasiddhanta by Burgess, p. 57. 
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CHAPTER II 

PAftCAftGA 

(Almanac) 

The calculation of the five elements or parts (angas) of the Almanac 
(Pancanga) is usually given in the Spastadhikara (the chapter on true Places) ; 
and hence, the question of the almanac is being taken up in this very chapter. 
Such matters as the Saka era, the beginning of the year, the samvatsara (year), 
the "purnimanta" and ''amanta" systems etc. are but integral parts of the 
almanac ; after considering these, therefore, the consideration of the five ele- 
ments of the almanac, the defferent kinds of almanac etc., will 6e taken up. 

Astronomical calculations require some moment of time to start with in 
order to predict future planetary positions. In accorc ance with this conven- 
tion, the siddhanta works assume the commencing moment of Mahayuga or 
that of some other Yuga and especially that of the Kaliyuga as the starting 
moment for calculation ; and the Karana works assume tome particular year 
of the Saka era as the commencing year. A Karana works two however, can 
be found to have adopted Vikram Samvat along with the Saka era. _ Thus the 
Karana work Rdmavinod has adopted Akbar year along with the Saka year, 
and the Phattesdha Praldsa has adopted the Phattesaha year coupled with the 
Saka year. The Vdrsihtantra (page 167), which is really a Karana work has 
adopted the commencement of the Kaliyuga for the epoch for calculation* 
and the author has accordingly classed the work as 'tantra'. Even than it has 
brought, in some association with the Saka era. 

A study of different eras 

Our almanacs, in their opening pages which are usually devc ted to the 
study of the "sajnvatsaraphala" (forecast of the year), refer to six founders 
of eras for the Kaliyuga, like Yudhisthira, Vikrama, Sdlivdhana and others. 
Of these, Yudhisthira and the o^her to lived in the past and the remaining 
three are yet to be born. The word Saka, in fact, denotes a certain tribe of 
people. Bhatotpala and others have stated that the era was introduced under 
the name of §aka, since the time when Vikrama defeated the Saka kings. But 
this does not appear to be reasonable. The Saka kings themselves may have 
started the reckoning of the era in their own name. The word Saka originally 
denoted a particular tribe, but in compound words like Yudhisthira Saka, 
Vikrama Saka etc., it signifies time, generally known as 'Era' in English and 
as 'San' in Arabic. The word 'Kala' (time) is found to have been u-ed in 
the sense of era in ancient copper plates. For instance, Sakanrpa Kala, 
Vikrama Kala, Gupta Kala (meaning— the era started in the name of Gupta 
Kings) are some examples of the usage of the word Hence, the word Kala 
has been used in the sense of era in the discussion which follows. 

Expired year and current year 

A number of eras like Vikrama era and Saka era had been and still continue 
to be, in use in our country. A brief description of them may be given here. 
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Before doing so, however, let some idea be gived about two types of the 
year : the expired and the current. In the account of Brahmagupta (page 90) 
the date of compilation of the Uttara Purana has been stated to be Saka 820, 
But the positions of planets, purporting to be true for the year 820, are found 
to agree with those for what would be Saka 819, according to the present 
mode of reckoning. Hence, one 1 begins to doubt whether the real date of 
compilation of the Purana was Saka 819 or 820. The Saka year which is 
mentioned as "Saka 1818" by the almanac-makers of this province and of 
most of the Provinces in our country is found to have been counted as Saka 
1819 in the Tamil and Telegu almanacs and in some of the Kannad ones 
printed in Mysore. The reason for this difference appears to be this : The 
positions of planets given in Siddhanta works are true for the initial moment 
of the first year of the Kaliyuga. Supposing the positions of planets in the 
beginning of the 11th year of the Kaliyuga are required, they must be found 
by adding to the original positions the motion of planets for 10 years, since 
10 years would have been elapsed from the beginning of the Kaliyuga to the 
desired moment. In such calculations the number 10 has to be taken instead 
of 11. The two dates of compilation of the above Purana, viz. 819 and 820 
may possibly be accounted for in some such way. In other words 820- is the 
current year and 819 the expired year in this case. Similar examples are 
found in copper plate and other inscriptions. It has been pointed out above 
that the Saka year which is numbered 1818 in these parts is counted as 1819 
in some almanacs of the Madras Presidency : But theie is doubt if the people 
of that region are really aware of the difference between the expired and current 
years and if it is taken into account at all for practical purposes. Now-a-days- 
the Tamil almanacs compiled by Anna Ayyangar of Tanjore District, are in 
general use in Tamil country of the Madras Presidency. The author has 
procured a number of such almanace for the last several years. Among 
these, the almanac for the last Sarvajit samvatsara mentions the corresponding 
Saka year to be 1809, while the almanac for the very next r year, known as 
Sarvadhari, compiled by the same author gives 181 1 as the Saka year. These 
year were counted as* 1809 and 1810 in other provinces. It seems that the 
almanac-makers themselves do not clearly understand the distinction between 
the expired year and current year ; how can we then expect others to under- 
stand it ? On enquiries made of the well-known Natesh Sastri of Madras and 
the eminent scholars Sundareshwar Shrotnfand Vyankateshwar Dikshit, from 
Tiruvadi in Tanjhore District, the author has learnt that the year described as 
"current" above is not at all in vogue in those parts at present. Hence, there 
is reason to .believe that the distinction between the expired and current years 
must be merely imaginary and that it arose when two different numbers 
might have been applied by someone to the same year by mistake. If any 
such distinction exists at all' it can possibly be true only with respect to the 
Kali eia and Saka era which are in use in works on astronomy ; and of 
these two, the distinction can be applied with greater clarity to Kali era. 
The Vikrama and other eras are not in use in astronomical works and no 
such distinction can be found in their case. However, examples are found 
in which two different numbers are applied to the same year of the Vikrama 
era ; but it must be the lesult of an error. In short, on full consideration, 
the author is led to believe that, as a matter of fact, there is no such 
distinction as expired,and current year. All years are only current years. 
For example, the present year (when the author is writing this chapter) named 
DurmuKh (Saka 1818) is actually 'current'. Later on, in the study of 
different eras, figures denoting corresponding years have been given 
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—and compared, and in so doing the- system used for reckoning the year 
number is the same as the one. prevalent in most parts of India 
In some ^places the terms /current' and 'expired' have been used; 
but they have been used for differentiation in the case of only those years, 
to which two different numbers are likely to be applied. Let us now consider 
the different eras. 

The KALI Era 

The Kali era is used for calculating time in astronomical works and in 
alamancs Its years are both * Caitrddi (luni-solar, beginning from Caitra) 
and Mesadi (Solar, beginning from Aries Ingress). The almanacs mention 
sometimes the current year of this era, sometimes the expired year and some- 
times both It is not met with very often in epigraphical records. This era 
is not at all used for civil purposes at present. Some almanacs in the Madras 
Presidency, however, state the year only according to Kali era. The year 
(expired) according to Kali era is obtained by adding 3179 to the Saka year. 

The SAPTARSI Era 

This era is at present in use in Kashmir, and the neighbourhood. It seems 
that it was in use m Kashmir, Mulian and some other parts at the time of 
Albiruni (Saka 952). The Raja-Tararigmi has described all historical events 
only in terms_ of the years of this era. The era is sometimes known as the 
. Laukiica Kala (civil time) or the Sastra Kala, (scientific time). This 
system of measuring time originated in the supposition that the Saptarsi stars 
(the Great Bear) have motion, that they take 100 years to pass through one 
naksatra and that they revolve through the zodiac once in 2700 years ■ thus 
a cycle of 2700 years has been adopted for reckoning time. But in practice 
the century figure is usually left out. When 100 years are completed, the 
counting begins afresh as the first year, second, and so on. According to the 
astronomers in Kashmir, the Saptarsi era began from the first lunar day of the 
bright half of Caitra, in the current Kali year 27. in order therefore, to find 
the corresponding year of the Saka era, one has simply to add 46 to the Saptarsi 
year, neglecting the centuries ; and similarly if 24-25 added one gets the year 
according to Christian era. The " Saptarsi " years are Caitradi. Dr. **Kielhorn 
finds that the years ; in this system are 'current' and the months 'purnimanta' 
(lull moon ending***). ' 

The VIKRAMA Era • 

T ^ js T} era if at present in use in Gujerat and the whole of northern India 
except bengal. The people of these parts have migrated to other provinces 
but they have carried the use of the era with them. The year of this era is 
caitradi m Northern India. (In other words, the Samvat begins from Caitra). 
itie months are purnimanta. But in Gujerat the year is Kartikadi and the 
months are amanta. In some parts of Kathiawag and Gujerat the Samvat 
ye ar is As adn adi and the mo nths are amanta. Prof****Kielhorn has examined 

Mesadi' <mL?™W '; be S in " in g* from 9 aitr a.': ; KartikW,, "beginning from Kartik^T 
mesaai, beginning 1 from Sun's entry into sidereal Aries ". (R.V.V.) 

** Indian Antiquary, XX, page 149 ff XX. 

*** The amanta and purnimanta systems are discussed later on. 
**** Indian Antiquary, XX, p. 398 ff. 
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150 ancient inscriptions bearing dates of the Vikrama Samvat (year) 898 to 
1877 and has arrived at the following conclusions :— (1) In the case of this 
era, the expired year is ordinarily in use. Sometimes * the current year i& 
used. (2) In the beginning, the Viicrama era was Kartikadi, but it seems that 
owing to the increasing influence oi the Saka era, it gradually changed over 
to Caitradi reckoning on the north side of the Narmada. In the fourte^rth 
century of this era, both kinds of years, the Caitradi and the JCartikadi, could 
be met with in the same tracts of country, the Kartikadi type Deing more 
prominent, (3) The months in the 'Kartikadi' kind used to be both purnima- 
nta and amar.ta. The Caitradi year generally consisted of purnimaata 
months, but there does not appear to be any hard and fast rule followed -in. 
This respect. 

The era used to be called the Malaya era from 450 A.D. to 850 A.D. The 
earliest inscription containing the word Vikrama belongs to Vikrama Samvat 
898 ; but even in that inscription it is not clear if the word Vikrama has been 
used to indicate the name of King Vikrama. The earlibst reference of this 
type in clear terms is found in a poem written in Vikrama Samvat 1050, The 
Vikrama era is at present known as Vikrama Samvat or simply as Samvat. 
The word 'Samvat' is really the corrupt form (abbreviation) of the word, 
"Samvatsara' and it has been used indiscriminately in that sense in a number 
of words like Saka samvat, Simha samvat, Valabhisamvat etc. Some almanacs 
of Madras and the neighbouring regions give the current year of the Vikrama 
era along witfi that of the Saka era. For example, the year which is numbered 
as Saka 1818 in these parts is mentioned in those almanac^ as Saka year 1819, 
and Vikrama Samvat^ 1954. The Kartikadi Vikrama year is obtained by 
adding 134/135 to the Saka year, and the Caitradi Vikrama year by adding 135. 

The CHRISTIAN Era 

This era has come into vogue only since the establishment of the British 
rule in our country. The year of this era is Say ana Saur (tropical solar). 
It begins from the 1st of January. At present, the month of January begins 
in the 'amanta Margaslrsa or Pausa**. But it used to begin in amanta Pausa 
or Magha before 1752 A.D. when the 'New Style' was adopted in^Englard. 
The year of tne Christian era is obtained by 1 adding 78 or 79 to the Saka year. 

The Saka Era 

The astronomical Karana works use this era almost exclusively. It has 
lasted so long only because it has been espoused by astronomers ; otherwise 
it would have fallen into disuse long ago like the Gupta era, the reignal era 
of Sivaji and several such other eras. The era is, at present, exclusively used 
for civil purposes in the whole of South India, except in Tinnevelli and part of 
Malabar. It is used in addition to local eras in other parts of India. The 
year of this era is both lunar and solar. The solar year is used in the Tamil 
country and Bengal, and the lunar year is followed in other provinces. The 
lunar year is 'Caitradi' and the solar year is *Mesadi\ The (lunar) months 
of this year are purnimanta in the North and "amanta'* in Soutn India. 

♦But refer to the statement above regarding expired and current years. 
** The original gives here ** Pausha or Magh *\ which is probably a printer's error, (R.V.V.) 
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The Cedi or Kalcuri Era 

This era is not in use at present. Prof. Kielhorn examining the dates con- 
tained in ten copper plates and other inscriptions of this era from 793 to 934, 
has come to the conclusion that the firsi lunar day of the bright half of Aivina, 
in the 'Caitradi' Vikrama Samvat 305, {i.e. £aka year 170 or 248-49 A. D.) 
is the first day of the first year of the Cedi era. Consequently years of this era 
are Asvinaai and ihey are used as current years and months are 'purnimanta. 
The Saka year is obtained by adding 169-70 to the Cedi year, and the year of 
the Christian era , by adding 247-48 to it. The era was used by the Kalcuri 
kings, of Western and Central India, and it appears to have been in use in that . 
part oflndia in still earlier times. The author thinks that the first lunar day 
of the dark half of the purnimanta Asvina or the same day of the amanta 
Bhadrapada was the first day of the Cedi year. 

The Gupta Era 

This era is also not in use at present. Dr. Fleet has treated it at great length.* 
After examining the inscriptions from the year 163 to 386 of the Gupta 
era, he was led to conclude that its years are 'current', and Caitradi, 
the months are purnimanta and the epoch is Caitra Sukla Pratipada of Saka 
242. When 241 is added to the Gupta year, one gets the Saka year, and when 
319-20 is added, the corresponding year of the Christian era is obtained. The 
era was in use in Central India and Nepal, and was used by the Gupta kings. 

The Valabhi Era 

This is merely a continuation of the Gupta era with its name changed into 
Valabhi. It was introduced in Kathiawad in its fourth century, and at that 
time its year used to begin from Caitra. But the day of beginning receded 
five months when it was shifted to the preceding Kartika Sukla Pratipada. 

Its year is 'current' and Kartikadi. Its months are both 'purnimanta' 
aid 'amanta' . If 240-41 is added to the Valabhiyear, the Saka year is obtained 
and if 318-19 is added one gets the year of the Christian era. The inscriptions 
so far discovered which are dated in the Gupta and Valabhi era range from the 
year 82 to 945 of that era. 

HijrI Era 

This era originally belonged to Arabia. It was imported into this country 
under Muslim rule. The word 'Hijra,' means flight. Muhamnad the proph et 
fled from Mecca to Madina on Thursday night (Fridav night according to 
Muslim reckoning), the first lunar day of the bright half of Sravana of Saka 
544, i.e. on 15th July 622 A. D. Hence, this era is called the HijrI era ; and 

i? u ght 1S taken to be the date of its beginning. The months of this 
era, Muharram etc., are lunar ; and as it is not customary to insert an inter- 
calary month, the year is strictly lunar, consisting of 354 or 355 days ; and 
hence, the advance of the year number of this era, compared with the advance 
ot the year number of any solar era, shows an increase of one, every 32 or 33 
solar years. 



Corpus Inscrip. Ind. Vol. Ill, Gupta Inscriptions. Indian Antiquary, Vol. XX p. 376 ff. 
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The month begins on the first or second lunar day of the bright half, from the 
moment of the heliacal rising of the moon. Instead of numbering the days of the 
month as the first day, the second day etc. they call them as the first moon, the 
second moon, and so on. Such 'moons' {i.e., days or dates) number 29 or 30 
during the month. The day of the week and the date begin from sunset. 
Hence, what is a Thursday night to us is a Friday night to the Muslims. 
During day time the name of the day is the same for both. 

The Bengali San 

This is in use in Bengal. Its year is solar and it begins from 'Mesa Sam- 
kranti' i. e. the Sun's entry into Aries. The names of the months are lunar 
and they are Caitra, Vaisakha etc. The month which begins from 'Mesa 
Samkranti is called Vaisakha (The same* month is called Caitra in Tamil 
country) The year 1300 of the Bengali san is equivalent to Saka year 1815 
and A. D. 1893-94. The Saka year is obtained by adding 515 to the Bengali 
year : and the A. D. year by adding 593-94. 

The Vilayati San 

This era is in use in parts of Bengal and chiefly in Orissa. Its year is solar : 
but the months have lunar names and the year begins on the Kanya (Virgo) 
Samkranti day. In Bengal, the month begins from the second or third day after 
the' samkranti ; but the month of the Vilayati San begins on the samkranti day 
itself*'. The S"aka year is obtained by adding 514-15 to the Vilayati year and 
the A. D. year by adding 592-93. 

The Amli Era 

This era is thus described in Girisa Candra's "Chronological Tables": 
"The Amli commences from the birth of Indradyumna, Raja of Orissa, on Bha- 
drapada Sukla 12th, and each month commences from the moment when the 
Sim enters a new sign." It appears that its months are solar, but the year is 
lunisolar. It is likely that the months also had been lunar. The Kanya 
Samkranti may occur on any day before or after the 12th lunar day m Bhadra- 
pada Sukla. The Vilayati and Amli Sans are allied as they have the same 
epoch of reckoning and the same numerical designation. 

The«FasalI San 

This is the harvest year introduced by Akbar. Originally bearing the same 
number as the year of the Hijri era. But the Hijri year is striclty lunar (consisting 
of 354 days) while the Fasali year is solar. Because of this difference, the year 
numbers began to differ as time went on. The Fasali San was introduced m 
Northern India in the Hijri year 963 i.e. 1556 A. D. when Akbar ascended ths 
throne; and emperor Shahjahan introduced it,ih South India in the Hijri year 
1046 i.e. in 1 636 A; D. In the beginning, the year was assigned the same num- 
ber as the year of the Hijri era, which was 1046.But at that time, the Fasali 
year in Northern India was 1044. Hence, the Fasali year number in the Dec- 
can exceeded the year number int he north by 2. (It so happened because the 

* Warren writes in 1825 A. D. that "the Vilayati year is reckoned from the first of the 
,Krisna paksa in Caitra" (Kala Sankalita, Tables p. IX). . It may have been the practice at 
some places. 
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Hijrl year is purely lunar). As the year beginnings were different in the two 
parts, an additional difference of some months occurred. As this year was 
purely official and had no connexion with religious affairs, the year beginnings 
appear to have been irregular. In Madras, this year originally used to com- 
mence on the first day of the solar month Adi {i.e. Karka or Cancel). In the 
year 1800 A. D. the British Government fixed the 13th of July as the permanent 
initial date and later on m 1855, altered this to the 1st of July. In parts of Bom- 
bay the Fa sail begins when the Sun enters the Mrga Naksatra (at present on 
the 5th, 6th, or 7th of June). It is thus a solar year ; but its months, Muharram 
etc. are lunar. In northern India, the Fasali year generally begins from 
the 1st lunar day of the dark half of the 'purnimanta' Asvina. In other 
words, the Fasali year is in that part luni-solar. In Bengal, the Fasali year 
1300 commenced in September 189.2 A. D. and in Southern India the Fasali 
year 1300 commenced in June or July of 1890 A. D. In Southern India the 
Saka year is obtained by adding 512-13 to the Fasali year and the A D year 
by adding 590-91. In Bengal, however, the Saka year is obtained by adding 
514-15 to the Fasali year and the A. D. year by adding 592-93. ' The year 
number of the Bengal Fasali, Vilayati and Amli Sans is the same for all days 
of the year except 1 8 days at the most. The Bengali San lags behind all these 
Sans only by 6 or 7 months. In fact, the Fasali San is the origin of the Bengali, 
Vilayati, Amli and Bengali Fasali Sans. It is clear that the variations in the 
year beginnings began to arise later. 

The Sur-san or Sahur-san 

This is sometimes known also as the Arabi-San. The Sur-sa:i commenced 
in the Hyri year 745 i.e., in 1344 A. D., and in the beginning, it was assigned 
the same number as the Hijrl year viz. 745. The Fasali San came into use in 
the Deccan 292 years after the Sur-san i.e. in the Hijri year 1046, and that 
year according to the Sur-san was 1 037. Hence, a difference of 9 years occured 
between the Sursan and the Fasali San in the Deccan. The Sur-san was ex- 
tensively used during the Maratha Supremacy. It is nine years behind the- 
fasali San in use in the Bombay Presidency , but the two are similar in all other 
respects. The year of this San begins when the Sun enters the Mrga Naksatra 

wi£ Si W £f? S ' x h I™ L S S . 0lar ; but its mont % Muharrum etc. are lunar! 
• S 7 Z l l ~ d t0 the Sur - san > °ne gets the Saka year, and when 599-600 
is added, the A. D. year is obtained. 

The Bengali, Vilayati and Amli are special varieties of the Fasali San 
prevalent m the north, and the northern Fasali, the southern Fasali and the 
Sur-san are special varieties of the Hijrl era. 

» 
The Harsa Kala 

in rain ;u£,a™ f °/^ ded by ^arsavardhana, king of Kanauj. It was 
in use in Mathun. and Kanauj at the time of Alberuni. It is not now in use 

centur efof e th^° PP l r ^u and A ? ther "> inscriptions.dated the first and second 

the vears are mf«?? a™, b ? n i lseove J ed in Ne P a *- I* *U those inscriptions 
the years are qualified only by the word 'samvat'. The Saka year is obtained 
by adding 528 to the year of the Har§a era and the A. D. year by adding 606- 
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The Magi San. 

This era is current in the District of Chittagong. It is 45 years behind the 
Bengali year ; the two are very similar in other respects*. 

The Kollam Era or Paras urama Era 

The year of this era is known as the Kollam Andu. Kollam means Western; 
and Andu means a year. The era is in use in Malabar from Mangalore to Kumari 
(Cape Comorin), and in the Tinnevelli district. Its year is Sidereal solar. 
The year begins from the Solar month of Kanni (i.e. Kanya or Virgo) in North 
Malabar and from the month of Cirigam (or Simha, Leo) in South -Malabar 
and Tinnevelli. The names of months prevalent in Malabar are the corrupt 
forms of the rasis. The years run in cyles of 1 000 and the present cycle, is said to 
be the fourth. But in actual modern use the number has been allowed to run 
one over 1000, the year number corresponding to Saka year 1818 being Kollam 
1072. The Saka year 747 was the first year of the Kollam era. The Kollam 
era does not appear to have been in use before this date. By adding 746-47 
to the Kollam year one gets the Saka year and by adding 824-25, the A. D. year 
is obtained. 

The NEVAR ERA 

This era was in use in Nepal up to Saka 1690. Its years are Kartikadi and 
the month samanta. The era is called the NEPALI ERA (in Sanskrit manus- 
cripts) and in copper plate and other inscriptions. The corresponding Sake 
year is obtained by adding 800/801 to the Nevar year, the corresponding A. D. 
year by adding 878/879 and the Kartikadi Vikrama Samvat by adding 935 to it. 

The CILUKYA ERA 

The Calukya king VIKRAMAD1TOA Tribhuvana Malla**instituted this era 
about the gaka year 998. It seems to have ceased after Vijala Kalacuri defeated 
the Eastern Calukyas in Saka 1084. The system of months and pak§as in this 
era is similar to that in Maharastra. It is not, however, known for certain 
its year actually used to begin. The equivalent Saka year is obtained by adding 
997/998 to its year and the A. D. year by adding 1075/76. 

The SIMHA SAMVAT 

This era wasln use in Kathiawad and Gujerat. Inscriptions bearing Samvat 
numbers 32, 93, 96, 151 of the Simha era have been found.**The author is 
inclined to infer from them that its year is luni-solar and current. The months 
are amanta but in one instance they seem to be 'Purnimanta.' The year is most 
probably Asadhadi. It is certainly neither Kartikadi^ nor Caitradi. By 
adding 035/36 to the year of the Simha era one gets the Saka year, by adding 
1 1 13/14— the A. D. year and by adding 1 170 the 'Asadhadi' Vikrama Sambat. 

* Chronological Tables for A. D. 1764-1900 by Gifisa Candra. 

** The name. Tribhuvana Malla, has been added on the authority of the Indian Cahrt- 
ar by Sewell and Diksit. (R. V. V.). 
*** Indian Antiquary Vol. XVIII, XIX. 

I D.G.O./69 1& 
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TheLAKSMAtfASENA ERA 

This era is current in Tirhut and Mithila but always along with the Saka or 
Vikrama era. There is a difference of opinion as to its epoch. Colebrooke 
(1796 A. D.) makes its first year correspond with 1 105 A. D. ; Buchanan (1810 
A. D.) fixes it as 1 105 or 1 106 A. D. ; Tirhut almanacs, however, for the years 
between 1776 and 1880 A. D., show that it corresponds with 1108 or 1109 
A. D. Buchanan states that the year begins on the first day following the full- 
moon day of Asadha that is on the first lunar day of the dark half of the 'purni- 
manta' Sravana, while Rajendralal Mitra (1878 A. D.) and General Cunning- 
Jiam assert that it begins on the first lunar day* of the dark half of (purni- 
manta) Magha. Dr. Kielhorn, examining six inscriptions dated in this era, 
from 1 194 to 1551 A. D. concludes** that the year of the era is Kartikadi, that 
the months are amanta and that its first year corresponds with Saka 1040-41. 
This conclusion is supported by ABUL FAZAL* S statement in the Akbarnama. 
Accordingly, the Saka year is obtained by adding 1040-41 to the year of this 
era, the A. D. year by adding 1118-19 and the 'Kartikadi' Vikrama Samvat 
by adding 1175. 

The ILAHI ERA 

This was established by the emperor Akbar. It is also known as the * Akbar 
San\ It dates from his accession, which took'place on Friday, the 2nd day of 
the month of Rabi-us-sani, in Hijrl year 963, i.e. 14th February, 1556, A. D. 
Saka 1477.*** This era employed extensively is found on the coins of Akbar 
and Jahangir, and appears to have fallen into disuse in the reign of Shah-Jahan. 
Its year is solar. Abul Fazal remarks, "The days and months of this era are 
both natural solar (Savana) without any intercalations. The names of the 
months and days correspond with the ancient Persian. The months have 29 
or 30 days each. There are no weeks, the whole 30 days being distin- 
guished by different names. Some months consist of 32 daysf". Here the 
lengths of the months are said to be "from 29 to 30 days each"; but in the old 
Persian calendar they had 30 days each. The names of the months in this 
era, Farwardin etc, are the same as those of the Persian months given in 
our almanacs at present. The Saka year is obtained by adding 1476-77 to the 
Ilahi year and the A. D. year by adding 1555-56 to it. 

The RAJASAKA OR RAJYABHISEKA ERA 

This was established by Sivaji, the founder of the Maratha kingdom and 
commenced on the day of his accession to the throne, that is on the 13th 

* This much information is from Cunningham's "Indian Eras" 
** Indian Antiquary, XIX, p. 7 ff. 

*** Cunningham has recorded the initial dates of 50 years of Akbar's era as given by 
Abul Fazal (See Indian Eras, page 225). The first day of the very first year in it, is given as 
tne27th date of Rabi-ul-akhir (Tuesday, lOth^March); and the first days of the subsequent 
years are found to be occurring about 10th. March, according to Old Style, that is on the 

fS* \f qui ? ox day * Thus the first da y of the Akbarl era used to fall about the 21st March 
of the New Style. 

Although Akbar ascended the throne on the second day of Rabi-ul-akhir, the commen 
cement ot the era was purposely postponed by 25 days. This shows that it was Akbar's in- 
tenuon to start the year on the equinoctial day, that is on the day when the night and day are 
equal (the day of Sayana Aries Ingress). 

t Prinsep's Indian Antiquities, Useful Tables, II. p. 171. 
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lunar day of the bright half of Jyaistha in the Samvatsara named Ananda, Sak* 
1596. The denominating number of the year changes on the above lunar 
dav In other respects it is the same as the southern lum-solar amanta baKa 
years. The Saka year is obtained by adding 1595-96 to the year of this era and 
the A. D. year by adding 1673-74*. 

The subjoined table gives at a glance the differences in the year numbers of 
all eras-current as well as obsolete. Of these, the Kali year, however, is giv^n 
in two ways, current and expired. The year numbers of other eras have, in 
fact no differentiation between current and expired. The figures relating to 
them have been given in this table on the assumption that they represent the 
number actually assigned to the year in most parts of the country. The com- 
mencing month or the day in the case of each era is given m brackets under the 
name of the era. 1 he lunar months indicated in them are amanta moon ending.. 



Kali 

(Caitra, Mesa) 



Saptarsi 

(Caitra) 



Vikrama 



(Caitra) 



(Asa£ua) 
(Kartika) 



Christian 
(January) 



Saka 

(Caitra, 
Mesa) 



Expired 4979 
Current 4980 



4954 



1935 



1934 



1878 



1880 



, Cedi 
(Bhadra. K. 1) 



Gupta Gupta Hijri Fasali .iasali 

Valabhi Deccan Bengali 

(Kartika) (Caitra) (Muharram) (Mrg, July) (Bhadra. K. 1 



1630 



1559 



1559 



1295 



1287 



1285 



Vilaytl Anill Bengali 

(Kanya) (Bhi S. 12) (ivieaa) 



1285 



1285 



1285 



Arba Sur 
(Mrg) 

1278 



Harsa Magi Kollaia 

(Meaa) (Sirpha, Kanya.) 



1272 



1240 



1053 



Nepal 

(Nevar) 

(Kartika) 



Calukya 



Simha Laksmanasena Ilahi Sivaji 

(Akbari) Raj Saka 

(Asadha) (Kartika) (Sayana (Jyaistha 

' • Mesa) S. 13) 



999 



802 



764 



759 



323 



204 



*Tn the above discussion, rules for finding the year of an advanced (earlier) 
era by adding certain numbers to the shorter (later) era have been given m some 
cases! two additive figures have been given. The following rule should be 
observed with regard to them :— 

When the day in question is one occurring after the first day of the year of 
the later era but occurring before that of the earlier era add the first of the two 
numbers otherwise add the second. Examples :-(l) Sravana . S. 1, Saka 
8m~?r'avana S 1, Kartikadi Vikrama Samvat 1935, Asadhadi Vikrama 
Sanlvlt 1936 A D 1879 (2) Magha S. 1, Saka 1801=Magha S. 1, Asadhadi 
aTKartikL'^krama Samvat 1936, A. D. 1880 (3) Sravana S 1, Deccan 
SllS^I&Slna S. 1, Saka 1801 , A. D. 1879 (4) Caitra K. 30, Fasali 
289 -Caitra K. 30 Saka 1 802, A. D. 1 880. 

18a 
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V^Pi? -^ gives,the year number of each era on Saturday the 1 1th lunar riav 
ofthe^hthalfof Caitra, galea 1800,i.e. 13th April.imFhlteJSSL 

t^S^&r*?* ** h l dh r* &th) according to T h1ni n sX 
Sim? t /cX f i 9 4 . th > accordm g ^ the Jovian system. The Mesa Sam- 
kramana (Sidereal Aries Ingress) had occurred very recently on Thursday the 

laka vetr bv'the soW* * S " * 10 # PaSt mi * and the " ea "' and 
at Shlrf n« y ti! °h f measure ' ha <* begun, at some places, on the same day 
at others, on the next day, or on the third day, that is on Saturday Caitra S 

In Bensal*^^^^ 

£v« o^ll X a ^ e first day oftheSauraorsolarVaisakha(orMesa)ofthe 
Saka and the Bengali San and the 26th day of the Caitra of the Vasal? San It 
^MhethirddayofSauraVai^^^ J 

was the second day of the Saura Caitra i.e. Mesa in the Tarn (i e ?the DravSanV 

yj«» the NMthan4 South Malabar. It was the 9th moon (day) of the month 
slfst-tfpro^^^^ *«* a » d ^ 

THE LUNAR AND SOLAR MEASURES 

tka ^Lr* C °iZ d f f riefly t r eUSC of - thc two systems of y ears ' viz - ^e lunar and 

Ihe tS£?" tw? ° -r, Fehgl0US ntes and festivak hav * some connexion with 

i^£?^£lir i j meUme - T if cerei * on * s a ^ociated with Sam- 
toanjis aje related tp the solar measure. The years Prabhava, etc. originated 

c!Z^nf anmeaSUre f H ? H P C ' ^ cannot be stated definitely tha™ S 
cular fend of meagre alone is in use among our people. In some territories 

InEXffhfiS *»*"*■* mo * t} y in * se wM « Others, the taaVSJSSt 
jL^«f ■!? *^if- 0l f year ls £ ? se ; The almanac for Saka 1809 compiled by 
Jwalapati Siddhanta and published at Madras, remarks "In these parts the lunar 

£ihl a 8 1 m ' -?* th °!t-u Calam H,lls ' I found tWs almanac with a Tailanga 
Brahman* residing ztNellore, the north of Mate, who told me that the unar 
measure was m vogue in his part of the country. It appears fromihis and from 

■MSflM * at the aSto JSSS 

SL?S* • ^^a ion personally gathered from the people of di- 
fferent Provmees, for civil purposes, that the solar measure is in use in the Tamil 

S£f^ aShe ^^ thatTn ote 

SEL^Sumu*- ™Y meaSUr ? S m use fGr civiI Ptoses. The measures 
recommended, by scriptures are followed for religious functions The oues- 

lite? o'n mg t0 m ° nthS ° f thiS SyStem and their ^ innin * ^ consid^ed 

BEGINNING OF YEAR 

The year began from the month of Madhu in the advent of the sorina 

Themonth^S ° f Y » a Md kter ° n > ^roughouUhe Vedic ptfol 
The month of Madhu received the name Caitra at the end of the Vedic period 

?«?^ Tw° Anuva > describing the year-long sacrifice (page 28 of Part I) 
and from other quotations (pages 29 and 30 of Part I) that thei 

Sfu?? 811 ^ t ^». Q } ri i fu l ! - moon day, (full-moon day of Caitra or 
%* Kl 1 i Uner f ay ° f thedark half), with the Phalguni fuU-moon day (i e on 
the 1 5th lunar day of Phalguna S. or the 1 st lunar day of the dark halH and ^n 
some cases on the 8th lunar day of the dark half of (ekastaka of) 4manta" 
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Magha. la one quotation Phalguna is said to be the 'mouth' i * th* fir«* 
monm, me 1st lunar day of the dark ha f of 'amahta' Maeha wbuM he 
of Phalguna would be the year beginning. It is also likely thit at one time 

not " W^caM 1 the *^« ° ? 'PWnta^ 

hoi, nowever, called the Pausa then (pace 134 of Partn T« tK* 

M^mf ttnS 5 ™' 1, l h ? f f , used t0 ^n With thel^ # -.Sstfu- 
Jwagna. References can be cited also to show that the year in the MahabhsrM. 

ttTL U pSta°„e b e g o?:L M v arg t r?a '" "V^ the ^ces fr^nl^stno" 
inc importance ol the year beginning from Caitra in the 'Vedan<™' m-rm/, 

^l£™£^^^ The ^tronome?sbe g in £ ZoSt 

LT- r r fr0m the lmtlal m °ment of the solar year or from that of 

^tTt~i! 0lar , ye , ar '- accordin S to their convenience. S^DaTaina has 

la^yt t^^i^TSj^*^.?^^ beginning D of 1V riuni! 

inei e the dav of til >7iZl i f A Tlthl Z cintama V he adopted the solar year beginn- 
hf solar vear ton IZ ^lu Ing ?u SS as the year ^ginning. In the cafe of 

mLenro/mean ArS= T ° f the Z^ ** ° f ^onomical works adopt the 

Wsfaf thevl^h,L 1 ngreSS A WhlCh SOme ad °P t that of the true Aries 
ingress as the year beginning. Again, in the case of the lunisolar vear the 

S?d^o?St™ VlT CSS f rily T ndde with the tot SiSrf^'iSS 
sunrLe y o. St l feUk1 ^'' Jt IS made . t0 Coincide with so ™ moment-generally 

iSSi^^^tS^ ^ m ° ment ° f midnlght ° r -™ n y 
ning A of°cli?ri t0 Dharma * astras > the y™ beginning coincides with thebegin- 

i .c ^ et US 'luZ cons i de . r the beginning of the ordinary or civil year It is need 
less to say that as religion and practical life are intimately conSed the S 
moments of the two kinds of year also have a close relation. In many parts of 
India the year begins from Caitra. Where the Saka era and reckoning are t 

nX' v h v ear M begin f from the cdtra gukia pStSS^r^o^cS 

north of the Narmada, other than Bengal, the Vikrama era lunar ' 
measure and 'purnimdnt* months are in use. Even then tbHLr Wins on 
he 1st lunar day of the bright half of Caitra. In Bengal the fakae^a and 
the solar measure are in use. There the year begins from the stura \it- 
kha i.e. from the moment of true Mesa Ingress ; but the importance of the 

tance of the first lunar day of the lunar CaitrJ !&kR3E bSt^SST 
in th^MoVfi^ r° bC a di £ erence of opinion as to whether the year is to begin 

At those places where the year is made to begin from the Mesa Inorm* 
■t ,s begun at present from the moment of the true Mesa Cess ; buffoSr^ 



262 HIistory of Indian Astronomy 

it seems that it used to begin from the mean Ingress*, because that hasim- 
portancein astronomical works. -The Bhdswctikarana (Saka 1021) has adopted 
the moment of true Mesa Ingress as the epoch. No other work before it had 
adooted the true Ingress for its epoch. Several instances are found from ms- 
Options datS later than Saka 1083, in Malabar, winch show that t h e m onfc 
used to begin at the moment of the true Ingress.** Sripati (Saka 961) con- 
demns the mean intercalary month and recommends observance of the true 
iXcalary month. It shows that before Saka 1000 even for civil purposes, ^he- 
year may have been taken as beginning from mean Mesa Ingress, and the true- 
Ingress may have come into use later on. 

The question as to what moment of the month of Caitra or Mesa, marked 
the beginning of the year, will be considered,while discussing the month later on. 

The year may also begin in months other than Caitra or Mesa. Let us. 
consider this question. 

The year of the Vikrama Samvat begins on Kartika Sukla Pratipada in 
some Parts of Gujerat and in Southern India. The author has an ^™/^ 
him fo? the Saka year 1810 (i.e. 1888-89 A. D ) V^f h fJ^ e ^f s ^ 
gives the Vikrama Samvat 1945 as beginning from Asadha which me awMflufc 
the Samvat year 1945 started from the tfukla Pratipada of A?af « of Sat* 
1810. A well-known merchant from Kathiawad, resmmg at Barsu tola tne, 
author in Saka 1810 that for the piirpowjof i^ntaimng ^^f^^r^, 
practical purposes they change the Samvat year fr <™ th ? ^M™" fe£ r l 
Xsadha Sukla half, in such cities as Rajkot, Jamnagar, Morvi, Tankara Jodm^ 
Khambhalia, etc. which are situated m the tolar distr ict, and met tieshk e, 
Amreli, Damnagar, Jetpur, etc., that is, in almost tne whole of ^h^JJ* J 
and accordingly it was found from the letters received hy the ^antfrom. 
those parts that the Samvaf 1944 changed to 1945 after *K ^J^J^ £ 
Asadha Sukla. Dr. Fleet also observes in his Corpus Jnsc nptic mumlnd icanm 
Vol III, that the Halar Samvat begins from Asadha. « oaka 1810 J^**^ 
met at Barsi some merchants from Idar, who told him that m the temtp ry wilhm 
100 miles of their place, the Samvat begins from the 2nd lunar da) of th = dark 
.half of 'amanta' Asadha. The Fasall San begins from the first lunar day of the . 
dark half of 'purnimanta' Asvina (i.e., 'amanta' Bhadrapada) in Ben i^ and m 
some parts of Northern India. In Orissa, the year begins from tihe 12t h .lunar 
day of the bright half of Bhadrapada (page 255). It appears taW ; 
and Mithila, theLaksmana Sena era begins from the first ^^^f/^X 
half of 'purnimanta' Sravana or Magna, which corresponds to amanta Asadna. 
or Pausa. 

From the alman.es printed at Cochin and Trtvandrum and from other in- 
formation, it is learnt that in South Malabar and Tmnevelly the year begir £ at 
the moment of the Sun's entry into Leo. From the almanacs pnn tec at Crficut 
and Mangalore and from other sources of informations it is_ f ound that m^ Norm 
Malabar? the year begins from the Kanya (Virgo) samkranti }*Mt^asVn 
sidency the Fasall yea Tused to begin with the month of 'Karka ; later on, it w as. 

* The mean Mesa Ingress takes place some time aftei r the true Ingress i/The *f ™£jj 
the moments of the iwo if known as 'sodhya' . ^btrahend) This sodhya s different 

i n different works. According to Aryabhaja I. it is equal to 2 days Sgn. 51 p. i> vp. anu 
according to modern S. S. it is 2 d 10-14-30. 

* * Indian Antiquary, XXV, p. 53 ff. 
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made to begin on the 13th of July and at present it begins from the 1st of July. 
In Maharastra, the Fasall year begins with the Mrga naksatra. In Orissa, the 
year of the Vilayatl San begins from Kanys. Samkranti. 

We have so far reviewed the system in use at present. Let us now see the: 
system prevalent in by-gone days. None of our astronomical or other works 
have either given the history of the first month of the year or discussed the 
matter or given any decisions. Hence it has become difficult to know the 
history of this question at present, £ivaji's coronation era used to begin from 
the 13th lunar day of the bright half of Jyaistha. The Akbari San used to 
begin with the tropical Mesa samkranti that is the vernal equinox day; Ac- 
cording to Kielhorn, the Cedi era began in Asvina. Albirunl has given 
very valuable information on this point. He writes : 

" The astronomers who use the Saka era, begin the year with the month Caitr ay 
whilst the inhabitants of Kanir, which is conterminous with Kashmir, begin it 
with the month Bhadrapada. 

All the people who inhabit the country between Bardari and Marigala: 
begin the year with the month Kartika...... The people living in the country ol 

Nirahara, behind Marigala, as far as the utmost frontiers of Takesar and 

Lohavar begin the year with the month Margaslrsa The people ot Lan- 

baga, i.e. Lamghan, follow their example. I have been told by the people ot 
Multan that this system is peculiar to the people of Smdh and Kanoj, and that 
they used to begin the year with the new moon of Margaslrsa, but that the pe°P le 
of Multan only a few years ago had given up this system, and had adopted the 
system of the people of Kashmir ; and followed their example in beginning the 
year with the new moon of Caitra."* 

According to the amanta lunar measure the year beginnings are as follows :— 
(1) The beginning of the month of Madhu (The 1st lunar day of the bright hall 
of Caitra (2) the 1st lunar day of the dark half of Caitra, (3) the 1 3th lunar day of 
Jyaistha Sukla. (4) The 1st lunar day of the bright half and first and second 
lunar days of the dark half of Asadha (5) the, 1st and 12th days of the br ght 
half and the 1st day of the dark half of Bhadrapada. , (6) Perhaps the 1st lunar 
day of Asvina Sukla (7) the 1 st lunar day of Kartika Sukla and dial of the dark 
half of 'amanta' Kartika (8) the 1st lunar day of Margaslrsa Sukla (i e. begnmng 
of the month of Margaslrsa), or perhaps, the 1st lunar day of the dark hah ot 
Margaslrsa (i.e. the beginning of the month of 'purnimanta Pausa), (9) tbe 
first lunar day of the dark half of pausa, (10) the 1st day of the bright half of 
Magha and perhaps the first day of the dark half of Magha (i.e the ^beginning 
of the 'Purnimanta' Phalguna), the 8th day of the dark half of Magha and 
(11) sometimes the 1st lunar days of the bright and dark halves of FMguuu 
According to the Nirayana solar measure the year beginnings are : .— (1) Mesa 
iTgress(2) th Mrga naksatra (approximately the 25th day of the month of 
VrfabL) (3) Sun's Ingress into Karka, SImha and Kanya. These occur res- 
tively in the amanta lunar months of Caitra, Jyaistha (sometimes Vaisakha 
Ki Havana, and Bhadrapada.) By the tropical (Sayana) solar measure 
the first point of Aries and the 1st day of July (approximately the 11th day 
of the tropical Cancer Ingress) marked the year beginnings. ^^_ 

* AlbirwjI's India, Vol II. p 8 
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Let us now see when and where these year-beginnings were or are in use. 
The beginning of Madhu or Caitra in the spring season is regarded as the 
beginning of the year by Srutis, Vedangas, Smrtis, Puranas, works on astronomy 
and the modern and ancient works on Dharmasastra. Copper plate and other 
inscriptions of Gupta-Kings during the period from 156 to 209 of Gupta 
era, Saka 397 to 450, have been discovered. All astronomical references in 
them can be verified when the year is taken to begin from the beginning of 
Caitra.* At one time the Guptas enjoyed suzerainty over most of Northern 
India. BsrunI has written (Saka 952) that the beginning of Caitra marked 
the beginning of the year. In short, this year beginning has been universally 
recognized at all times and in all places. Even when this year beginning 
was in use, there had been and still are other year beginnings at some places 
and at some times. The first day of the dark half of Caitra, which always 
occurred in the spring season, appears to have been regarded as the year- 
beginning by the purnimanta scheme at some places during part of the Vedic 
period, "in Bengal, the year begins at the beginning of the solar month of 
Vaisakha i.e. at "the beginning of Mesa. Its antiquity cannot be ascertained. 
It is, however, recorded in the works on Dharmasastra by Jlrnutavahana 
current in Bengal; and this Jlrnutavahana appears to have lived about Saka 
1014.** The Bhasvatikarana (3aka 1021) which was compiled in the holy 
city of Jagannatha makes the year beginning coincide with the Mesa Sam- 
kranti. Again the same, that is, the beginning of the solar Caitra, is taken 
to be the year beginning in Tamil region; and it is also not known how ancient 
the practice is. "But copper plates and other inscriptions belonging to the 
12th century of the Saka era have been found*** in those parts, which refer 
to the solar months. The Arya-siddhanta is in use in that region. This 
year beginning may have been as old as that work (Saka 421). The sun enters 
Mrga naksatra in" the month of Jyaistha and sometimes in Vaisakha. This 
is the time of the year beginning of the Sur San and the Fasali San in Maharastra 
and the adjoining territories. This has been in vogue from Saka year 1266 
(1344 A.D.). This accords the seasonal year. The New year's Day following 
the 13th lunar dav of bright half of Jyaistha has a personal association, since 
it is the first day" of the regular year' of Srvaji, The year begins on the 1st 
lunar day of bright half of Asadha in use in Kathiawad and the practice is at 
least as old as the Simha Samvat, (Saka 1036). Similarly choice of the 2nd 
lunar day of the dark half of Asadha appears to be equally old. The 1st 
lunar day of the dark half of Asadha as the year-beginning connected with 
the Laksmana Sena era, in Tirhut and Mithila may have come into_ use some 
time after Saka 1041. Although all the three year-beginnings in Asadha are 
connected with tithis, still they are essentially seasonal since they are 
clearly related to the beginning of rains. The Fasali San formerly used to begin 
with the beginning of Karka, that is, in Asadha- in the Madras Presidency; 
but at present, under Government orders it begins from the 1st July (in Jyaistha 
or Asadha). This also is seasonal. Now-a-days the Ofiicial Revenue year 
begins in August in our province. (The official year begins also in April. 
The civil year begining in January is now current^ everywhere.) In Malabar 
the year begins at the beginning of Simha (in Sravana) and that of Kanya 
(Bhadrapada). The practice may be as ancient as the Kollam era (Saka 
747). In Bengal the year begins at the beginning of ' Kanya '. This is 
associated with the Fasali San and has come into use from Akbar's time. In 

*Gupta Inscriptions, Introduction. 
**See Chapter on 'M»satatva' in the work entitled, K&latatvarivecane- 
***See my Indian Calendar, p. 89. 
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AlbirunVs time, the year used to commence in Bhadrapada in the vicinity of 
Kashmir. The 12th day of the bright half of Bhadrapada has a personal 
association in Orissa in regard to the new year. The first day of the Cedi 
year probably used to fall on the 1st lunar day of the dark half of Bhadrapada. 
It may as well have been the 1st day of the bright half of ASvina. Copper 
plate inscriptions from the Cedi year 793 (Saka year 962) have been found 
and the practice may be reaching as far back as that year. The choice of 
Kartika as the year-beginning appears to be very ancient. Bhatotpala's 
commentary on the Brhatsamhita contains some quotations from earlier 
authors of the Samhitas, wherein there are stray references of all the months; 
in the course of these, Kartika has been mentioned as the first month of the 
year at certain places. In the Surya Siddhanta also it has been spoken of 
as the first month. It appears to have been in vogue in Northern India from 
the date of Vikrama era. A number of copper plates and other inscriptions 
from the Vikrama year 898 onwards nave been found in Northern India in 
which the Vikrama Samvat has been mentioned as commencing from Kartika. 
At the time of Albiruni, the Vikrama year was Kartikadi. Even in Nepal, 
the Kartikadi year was current till 1748 A.D. At present it is confined only 
to Gujerat. The fctonth of Kartika got the first place in the order of months 
because Krttika was regarded as the first naksatra. Even the years beginning 
from Margasirsa appears to have some connection with Krttikas. Apparently 
that month was regarded as the first which began on the day following the full 
moon with Krttikas, the first naksatra, but the month was named Margasirsa 
since it would end with the full moon near the Mrgaslrsa star. The months 
referred, to in the Mahdbhdrata are Margasirsadi and not Kartikadi. This 
shows that the system of reckoning months from Margasirsa is more ancient 
than the Kartika-system. It must have been in use as far' back as 2000 B.S, 
At the time of AlberunI, Margasirsa was the year-beginning in many regions. 
It is not in use now. Considering the name Agrahayanl applied to Mrga- 
sirsa, it appears that when that star was the first naksatra about 4000B.S., 
they used to begin the year from the day following the full moon near that nak- 
satra. Had the system of naming months as Pausa, etc., been in existence, the 
first month of the year would have been called Pausa. But it was not existent; 
and hence, no reference to the names Pausa, etc., is found anywhere. Its 
absence is one of the proofs to show that the names Caitr a, etc., came into use 
after Krttika became the first naksatra. The fir$t lunar day of the dark half 
of Pausa may have been the first day of the year of the Laksmanasena era some 
time in Bengal. The beginning of the year is recorded in the Vedanga Jyotisa 
as coinciding with the beginning of Magha. It seems that it was not in use 
in wide areas for a long time. The year-beginning referred to in the quotation 
"Phalguna is the first month of the year" (page 131 of Part I) must have been the 
first lunar day of the dark half of Magha or that of the bright half of Phalguna. 
This was probably meant for restricted use. The 8th lunar day of the dark 
half of Magha (Ekastaka) as the year beginning seems to be likewise restricted 
m use, for it has not been prescribed as the first day of the year-long sacrifice, 
[All Mimamsakas believe that the anuvak relating to the year-long sacrifice 
has been construed by Jaimini as directing that the sacrifice should begun 
4 days before the full moon day of Magha.] The same thing is corroborated 
from the fact that Asvalayana has recommended the full moon of Phalguna 
or Caitra (page 136 of Part I) for commencing the sacrifice. The Phalguni full 
moon day has been recommended as the year beginning because of its asso- 
ciation with Spring (page 136 of Part I). It is, however, already pointed out 
before (pagel3 7 of Part I) that in the Vedic period, the equinox did not 
*)ccur in Phalguna. 
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or She? tithfE? w iUnar "J? ?* Which was not associa ted, at some time 
the sSSoS i;5 b ff S? m8 of the y ean But of a]1 the months, Caitra has. 
colnpaS be ^L nning ; Kanika a » d M a rgaSir' § a have got 

can E! ^ y i,f association with it, still it is fairly strong. Bhadrapada 

S1EES h ' y ^i " 1S c ™ siderable - ^^ A/adha, Havana, Vlgta 
have shghtTstifl ° y a S relationwithit while Vaisakha and A*£a. 

Uic^SSi^^S 88 ° f year - beginnin S s bribed above have seasons as 

in th^amfw bC in i he P l St and there are even now differ ent year-beginnings- 
have thS dav?^f d ,* *** !"?* time ' For instance > in our P ro ™<*, we 
S of r^l y L fferC ? y ear -^gmmngs like the 1st lunar day of the bright. 
Januarv e to ' T ^ ganak ? atra > ***** l™ar day of the bright half of Kartfca,. 
January, etc. In each province there are at least two year beginnings. 

First Point of the Zodiac 

crl The fo Jfg° in g discussion does not show that the year beginning in a parti- 
begins" from 'th^K tX L - iQ prev "iV s m01i;h gradually. The cycle of naksatras, 
bf?Vi™ Krttikas according to the Vedangas. One may naturally 

Jrc^oZ^VZ ih v *T ******™™ ** Krttikas. But no such system 
liL ^he ^>/i f Ly ? 0Und t0 have been in use - ■ Astronomical works. 
Vedic tr vfr ma \ giVQ Asvi111 as * Q &st naksatra. It was not so in the 
cvcle hLn t nga 'i y0t ^ peri ? ds - Wording to the Vedanga Jyotisa, the 
w4s one? thJ f \ the t Dhani?thaS - Acco3 "ding to the Mahabharata, Sravana 
oflhe nak tL § ^ tr f ; Which nieans that these two stood at the head 
regarded ft f£ « ^ V f d5Aga period; and in that P^ ^ Krttika also was 

to Ae winter soffi. ^ V£rnal 6qmn ° X *** that ° f Dhani ^ M and Sra ™^ 

cvcte^ul?^ 01 a?P f r t0 be a tradition that the leadership of the naksatra- 
cycle should successively pass on to each preceding naksatra. 



JOVIAN YEAR 
Samvatsara 



is a T ?vsr^ rd nf ^T atSara Wa? ori g ina »y ^ed in the sense of year But there^ 

from Jupiter's movement and tint ^ k^?' TheSe samva tsaras originated 
Jovian years. They mTis "have co™ i ^. the V re . ca » e d Jupiter's years or 
takes about 12 yearTfor on 2. £ b fc lng ' wu ll was k ^wn that Jupiter 
by the sun to make a co2i P , ° T ^ rOUgh the zodiac " The time taken 
of this period Tcalled a m P onf/ pi, 18 ^ ov ? aS year > whi,e the 12th part 
system of naminf the SSS'f FolIowm S t the same !*«* of reasoning, the 
and its 12th part fs Jovian m o th™ ^V** ?* 011 of Ju P*er as Jovian* year 
lunar months^e ived thd • nZe ^SAT fi / St ^ im ° lJSe ' Just as the 
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vanishes for some days in the light of the Sun owing to its proximity with the; 
Sun These Jovian months are, in fact, nothing but solar years; and that is 
whv the years came to be called Caitra Samvatsara, Vaisakha Samvatsara and 
so on. The twelve year cycle is a convenient means for measuring the number 
of years. This twelve year cycle is of two kinds. In one, the Samvatsara 
receives its name from Jupiter's (heliacal) rise; let this system be called 
"Udayapaddhati" (the rise system). About 400 days elapse between two 
consecutive (heliacal) rises of Jupiter and during the period of one revolution, 
that is, in 12 years, Jupiter rises (heliacally) 11 times and one samvatsara is, 
therefore, suppressed. This system is somewhat inconvenient. Hence, 
when Jupiter's mean motion was correctly known, astronomers decided to 
call that period Jovian year, in which it passes through one-twelfth part or 
one sign of the zodiac. By this system, no samvatsara is suppressed during 
12 years. Let us call this system the mean sign system (Madhyama-Rasi- 
paddhati). It is not so natural and easy to know the time Jupiter ta^es to 
pass through one sign by mean motion, as it is required to see and know the 
actual' rise of Jupiter. It appears from this that the Udayapaddhati must 
have been the original* system. References from the Mahabharata indicate 
that it may have been in use before 500 B.S. The Caitradi samvatsaras are 
not known in our province, but the Candra Pancanga of theMarwans States 
the name of the Samvatsara, such as Caitra Samvatsara, etc., as calculated 
by the mean sign-system. Similarly, in Madras Presidency, the Telugu 
almanacs of the lunar system give the names of samvatsaras according to the 
* Udaw-paddhati '. Amort* the several • pnrient inscriptions on stones and 
copper plates that have been found so far there are five belonging to the period 
from Saka 397 to 450 when the Guptas were in power. These inscriptions 
bear witness to the use of Caitra and other Samvatsaras. (It has been proved 
that the samvatsaras have been calculated by the 'Udaya' system.) Similarly 
two inscriptions, belonging to the king Mrgavarma of Kadamba dynasty 
of South India have been found which refer to such samvatsaras. 

SIXTY SAMVATSARAS 

The Vedanga Jyotisa refers to a yuga consisting of five years. Apparently 
this led to the conception of an analogous period (yuga) consisting ; ol nve 
Jovian years. This cycle naturally consisted of about 60 years, and its years, 
(samvatsaras) were named Prabhava, etc. Thus came into existence the cycle 
of sixtv \ears. It must, of course, have originated after the twelve year cycle. 
It is more convenient for counting the number of years. In the beginning, 
the samvatsara in this cycle also used to be reckoned from the (heliacal) rises, 
of Jupiter • but later on the system was abandoned and replaced by that ot 
calculating the years from the time taken by Jupiter to pass through a sign 
by mean motion. According to the Surya Siddhanta Jupiter takesf -approxi- 
mately 361 d lgh— 36 p to cross one zodiacal sign. This length of the Jovian 

year is somewhat less than that of the solar year. Hence, there occur 86 
Jovian years during a period of 85 solar years which necessitates the suppression 
of one Jovian year. It is similarly evident that the Samvatsara may begin 
at ar-y moment during the year. The Jovian samvatsara has another system 
of reckoning in which no sa mvatsara is suppressed, which virtually amounts 

*I have discussed this subtect in detail in the article "Twelve-year c>cJe c i „i r"« " in 
two issues of the English monthly entitled lrdian Antiquary, for the year 1888. 
tA few palas more or less according to other siddhantas. 
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to adopting for this samvatsara a length equal to that of the solar year ; and 
hence, such a samvatsara is termed a Saura (solar) samvatsara, or a Candra 
<lunar) samvatsara in virtue of the fact that it begins on the same day as the 
lunar year. At present the Jovian samvatsaras are in use in regions north 
of the Narmada ; and the lunisolar samvatsara system is in use in the south. 
The Samvatsaras prevalent in Southern India (south of the Narmada) are also 
called Jovian by some ; but it is a mistake. There is no "Jovianity" left i* 
them at present. 

LUNI-SOLAR SAMVATSARA 

The system current in the South is not the original system. The luni-solar 
system has been mentioned in the modern Romasa siddhanta and Sakalya's 
Brahmasiddhanta ; but these works are not as old as other siddhantas. All 
other siddhantas have referred only to samvatsaras belonging to the Barhas- 
patya (Jovian) system. The astronomical works describe 4 savana' (civil) 
and other different kinds of measures and among these the Jovian (measure) 
is expressly mentioned as specially to be used in the case of samvatsaras. 
Copper plate and other inscripions show that even in the South the Jovian 
system of reckoning samvatsaras was formerly in use. For example, a copper 
plate inscription relating to king Govinda 111* of Rastrakuta dynasty has bee 
found, which is dated Thursday, the fifth lunar day of the dark half of Vaisakha, 
in Subhanu Samvatsara, Saka year 726. Calculation shows that if Saka 726 
be supposed to be the expired year the 5th lunar day of the dark half of 'amanta* 
Vaisakha fell on Friday the 3rd of May 804 A.D. and by the 'purnimanta* 
system, it fell on Thursday, 4th April 804 A,D. which shows that the date of 
the inscription would be confirmed if the 4 purnimanta' system be followed. 
The date cannot be verified if Saka 726 be regarded as the current year. 

JOVIAN YEAR IN SOUTH 

According to the system now prevalent in the South, the Saka year 726 
would be Tarana samvatsara which is the 1 8th of the series. But the inscription 
mentions Subhanu (the 17th) as the samvatsara. According to the true Jovian 
system of reckoning samvatsaras which are in use in Northern India (north of 
the Narmada), the Subhanu samvatsara began on Saturday, the 9th lunar 
day of the dark half of Adhika Asadha in (expired) Saka year 725, i.e. on 17th 
June 803 and the Tarawa samvatsara, later on started on Wednesday the 1st 
lunar day of the bright half of Asadha, 12th June, S04, which shows that the 
Subhanu samvatsara was current on the date oi the inscription. It would 
appear from this that the correct system of Jovian measure was in vogue in 
the South up to Saka 726 ; or at any rate it was in vogue in the territ- 
ory on the banks of the Tungabhadra where this inscription was found. 
Such other instances are also available. The true Jovian samvatsara does not 
commence on the 1st lunar day of the bright half of Caitra and the system calls 
for the suppression of a samvatsara once in every 85 years. It is but natural that 
there should be a tendency to abandon this complicated system and to accept 
the simpler system of beginning the samvatsara along with the lunar or the 
solar year. It may be due to this or to negligence in suppressing one year 
i n 85 years that the system now prevalent in the South has come into vouge ; 
and it is evident that the luhi-solar system must have come into vogue in the 
South at a time when the samvatsara according to the Southern system 

*Ste Indian Antiquary Yol. XI, p. 126. 
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happened to be the same as that found by the true Jovian measure Both 
Sf, sy V e ™ s S ave , the sam e samvatsara during the period from Saka 743 to 
827. Later on, the people in the north followed the system of suppressing one 
samvatsara according to rules and those in the South discontinued it, with the 
*?T. <f *£ Southern samvatsara began to lag behind. At the beginning 
of the Saka year 1818, the samvatsara in the South is the 30th, named Dur? 
mukha while that m the North is the 42nd, called Kllaka. In short the 
luni-solar samvatsara system came into vogue in the South from Saka '827. 

PURNIMANTA AND AMANTA MONTHS 

(Full moon ending and New moon ending months.) It has been already 
shown (page 33 of Part I) that in the Vedic period both kinds of month-ftdl 
moon ending and new moon ending-were in use. At present the system of 
full moon ending months is followed on the northern side of the Narmada 
and that of new moon ending (amanta) months in the south. But foTcertain 
re hgious observances like the holy bath of Kartika, people in the South ako 
follow the purnimanta' system. The example of Saka 726 given above in our 
study of the sixty-year cycle will show that the purnimanta' system was ?n 
everyday use in.the Deccan or at least up to the Tungabhadra. Instances of 
this sort belonging to an earlier period also are available. There is a copper 
plate inscription* of Madhavacarya ( Vidyaranya) the Minister of King Hari- 

& which contains the expression "at the holy moment of the solar eclipse 
°fi dl l esda J' the Newmoon day of Vaisakha in Saka 1313". The solar echW 

r^v^$ n u S?\ T *- med - to , in this ' hap P en t0 ^ *** on ^ if Vaisakha is 
reckoned by the 'purnimanta' system and not by the 'amanta' system. This 

shows that in South India the 'purnimanta' system was in use on some occa- 
sions even m the 14th century of the Saka era. 

Although it is true that the 'purnimanta' system of months is followed 
at present in northern India, the 'amanta' system is followed for naming the 
months and determining the intercalary month. Further description about 
this is made later on. It is needless to add that the consideration of purnimanta 
and amanta systems is out of question where solar months are observed. 

NAMES OF MONTHS AND INTERCALARY MONTHS 

*«H Ca i tra l nd ° t ! ier " ames of months first originated with the names of Citra 
ana other stars, that is to say months began to receive names from those stars 
near which the Moon becomes full. But it is not that the Moon always 
oecomes lull near the star Citra in Caitra, It may become full sometimes 
near utra, sometimes near Svati and sometimes near Hasta. Hence it was 
iound necessary to make a rule in this respect that when the moon would be 
round lull near one of a pair of naksatras, starting from Krttika-Rohini, the 
montns should be named Kartika, Margasirsa and so on. In this grouping 
tne months of Phalguna, Bhadrapada and Asvina had a triad of naksatras 
assigned to each, f Even by following this rule sometimes a month receives an 
unwanted name. Thus, for instance, according to the Grahalaghava almanac, 
1*7! W S Srava * a nak § atr a at the end of the fullmoon day of Asadha of Saka 
1 h u m thl& P° sition the month ought to have received the name Sravana. 
it n as been also f ound by calculation that even by supposing a naksatra 

*Memoirs of Savantvadi State, p. 287. 

* ♦• l Se %?' S * Manadhikara, Verse 16. A more detailed exposition would be found in my 
articje "Twelve-year cycle" in the January 1888 issue of the Indian Antiquary. 
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to consists of 800 minutes, the intercalary and suppressed months would 
occur quite often and that too not regularly according to a fixed rule** Again, 
as the stars related to the nak§atras are not situated at regular distances, greater 
disorder would take place. However, this system may have .continued for 
some time by following the rule approximately, that is, by avoiding the fre- 
quency of intercalary or suppressed months and this system may have remained 
in use till the moon's motion was very accurately determined. The Vedanga 
Jyoti§a gives tolerably accurate motion of the moon and from that time this 
mode of reckoning may have fallen into disuse. According to the Vedanga 
Jyoti§a system, an intercalary month occurs after every 30 months ; but it has 
been shown in our study of Vedanga Jyotisa that this rule also may have been 
soon discarded because it was not very accurate, and it might have been re- 
placed by the system of introducing an intercalary month after every 32 or 
33 months. The Pitamaha Siddhanta mentions the system of inserting an 
intercalary month after every 32 months. The (position of the) intercalary 
month could be correctly calculated after accurate siddhantas like the Surya- 
Siddhanta of the Pailcasiddhantika were compiled. The modern rule for 
naming the (lunar) month is to name that lunar month as Caitra in which the 
true Mesa Samkranti would occur, to name that one as Vaisakha in which 
the true Vrsabha Samkranti would occur and so on. The lunar month in 
which no samkranti would occur is to be treaiti as intercalary and that in which 
two s&mkiaiitis would fall is tc le tiuuc ls 'suppressed*. But we come 
across two kinds of definitions about them. One ot them is : — 

^rf^ sfraft *ft *ft *mr: ^ stfsf: wsr: tf&r: qJ^^sfaTO^: n 

These lines are attributed to the Brahmasiddhanta.^ But they are not 
found either in the SiccLanta of Brahms gupta or of Sakalya, They are, 
however, found in the 'Ka.amadhava' by Maonavacarya (Vidyaranya) and 
-the work belongs to Saka 1300 circa, Ihe lines mean that the iunar month 
which ends when the sun is in Mesa (Aries) is to be called Caitra (all other 
months are to be named similarly). If two lunar months are found ending 
in the same soiar month, then the second of them is to be called an intercalary 
month. (It is to be named according to the foregoing rule,) The second 
rule is found in a work on Dhaimasastra entitled "Kalatattvavivecana" f where 
it is attributed to Vyasa ; it is as follows : — 

"That lunar month at the commencing moment of which the sun is in 
.Mina is to be called Caitra, and all the 12 months beginning with Caitra are 
to be named in this way." 

All months except the intercalary and suppressed months receive the same 
name by both the rules ; but the names of intercalary months vary. Suppose, 
for instance, the Mesa Samkranti occurred on the fourteenth lunar day of 
the dark half of a iunar month, there was no samkranti in the next month 
and the Vrsabha samkranti occurred on the 1st lunar day of the bright half of 
the 3rd month'; and the Mithuna samkranti occurred on the 2nd lunar day of 

*The calculation is not given here for want of space. 

tThere is a copy of this work in the Anandaerama, Poona (No. 4413). The date of it s 
compilation is Saka 1542. 
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ihe bright half of the next lunar month. As the first and the third lunar months 
ended when the sun was respectively in the Mesa arid Vrsabha signs, they are, 
tv the 'Mesadisthe' rule to be named Caitra and Vai&kha. Even by the 
-MInadistho" rule, these months had the sun's position respectively in the signs 
Pisces and Aries at the moment of their beginning ; they are to be called Caitra 
«nd Vaisakha. The second month was a "non-Samkranti' month. It was, 
therefore, intercalary by either rule. However, as it ended when the sun was 
in Mesa (Aries), it received the name Adhika Caitra according to the rule 
"Mesadisthe" and as the sun was in Mesa, when it commenced, it received 
the name Vaisakha according to the rule, "Minadistho". The second system 
is at present universally in use. By this rule, the intercalary month receives 
the name of the next month, while the first rule gives that of the preceding 
month That the system prevalent at the time of Bhaskaracarya was the_ same 
as at present is proved by the following observations made by Bhaskaracarya 
in his commentary on the verse " Asamkrantimaso . . . .etc." from the Chapter 
on "Mean Motions". After first observing that a suppressed month is pre- 
ceded and also followed by an intercalary month, each separated by 3 'months 
on either side, he adds : "Formerly there was a case in which Bhadrapada 
was an intercalary month, then Margasirsa was declared a suppressed month, 
and it was again followed by an intercalary month which was Caitra . birni- 
iariv the present system was prevalent at the time of the Kalamadhava also, 
since that work contains the statement of the intercalary months m the baka 
vear 1259, Isvara Samvatsara, was Sravana, which accords with the present 
system of naming the intercalary month. That intercalary month would 
live received the name Asadha if the 'Mesadisthe' rule Had been followed. 
That the 'Mesadisthe' rule was in force for some time is seen from a copper 
plate inscription. But more is given about it later. 

MEAN AND TRUE INTERCALARY MONTHS 

At present a month is declared as intercalary or suppressed from the sun's 
true entry into a zodiacal sign. But it appears that the system of determining 
the intercalary month by mean motion was also m use at one time, me 
mean motion is always the same. According to that measure the mtercalary 
month occurs after 32 lunar months, 16 tithis, 3 ghatis and 55 palas, that is 
sometimes after 32 months and sometimes after 33 Agyn,as the lcogA of 
the mean solar month is 30 days 26 gh. 18 pals and that of the mean unar 
month is 29 days 31gh. 50 pals, two samkrantis can never j/^ * ™ e J™"* 
month by the mean measure, and hence a suppressed m ° nt \™™%%° C t™e 
The true motion of the Sun is never the same ; hence, the lengt h of the true 
solar month always varies, and two solar mgresses sometimes take ' Pi** £ 
the same lunar month ; and hence, a suppressed month doc ^' J™ 
in a particular year, there is a suppressed month, two mt ^^^_™ 
occur in that year. By true motion, the minimum ^rval betwee n^o inter- 
calary months is 28 months* and the maximum is 5 m onths There 1S a 
copper plate inscription of Dharasena IV from ^^ f &2i^j£ 
second lunar day of (the second) Margasirsa, Samvat 330 of the Gupta \ alabhi 
era The "word 'second' in this clearly shows that Margasirsa is intercalary. 
In the G^upTavalabhi Samvat 330, Saka 570, Kartika is found to have been 
an ntercalary month by true motion ; but by the mean ^tion system and by 
the - Mesadisthe' rule Margasirsa would prove to be intercalary. The fact 

*On rare occasions it is only 27 months. Jyaietha was intercalary in Saka 1311 and 
Bhadrapada in Saka 1313. 
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that Margaslrsa has been recorded in the inscription as intercalary cannot be 
explained by any other theory. It follows, therefore, that in Gujerat, they 
used to determine the intercalary month by mean motion system and to deno- 
minate it by the 'Mesadisthe' rule* in Saka 570. Some astronomical works 
too show that the mean motion system for determining the intercalary month 
was in use. The following is an extract from Sripati's work Siddhanta Sekhara 
(Saka 961), cited in Jyotisa-darpana, a Muhurta work :— 

This clearly shows that the system of determining the intercalary month* 
by mean motion was once prevalent. Bhaskaracarya has mentioned the 
suppressed month. A suppressed month is not possible by the 'mean motion* 
system. This shows that in his time the system had gone out of use. It may 
liave totally disappeared about Saka 1000. 

The English book, Indian Calendar*, written by Robert Sewell and myself 
contains a list of intercalary months between 300 and 1900 A.D 
as calculated by the true motion system and those between 300 and 1100 A.D 
as calculated by the mean motion system. 

INTERCALARY MONTHS, NORTH OF THE NARMADA 

Although in the present times, the months are reckoned as full moon 
ending, intercalation and the names of intercalary months are regulated by 
the 'new-moon ending' system of months ; and* for this reason, the bright 
halves of (lunar) months receive the same name in both the regions while 
in the north the dark half receives the name of the month next to the one 
current in the South. For instance, the Caitra bright half bears the same 
name in both the regions hut the dark half known as Caitra Krsna in the 
Deccan is called Yaisskha Kr§na in the North, irrespective of when the sam- 
i;ranti occurs. But the following table would give an idea as to how the 
true system of full-moon ending months would operate : — 



True Puroimanta 
rackening 



Sun's entry 
into Sign 



Half 
Months 



Sun's entry 
into Sign 



"True Anftanta 
Reckoning 



PHALGUNA 
CAITRA 

vai Sakha 

jyaistha 



Mesa Ingress 



Vrsa Ingress 



1. BRIGHT 

2. DARK 

3. BRIGHT 

4. dark 

5, BRIGHT 

6. DARK 



Mesa Ingress CAITRA 



INTERCALARY 



Vrsa Ingress VAI SAKHA 



Mithuna Ingress 

7. BRIGHT Mithuna Ingress JYAISJHA 

This table will show that the system of true 'purnimanta' months would 
not give an intercalary month in this case, because the sun entered a new sigan 
in each month ending with the full moon. But according to the amanta 

♦This book was recently published in England, in June 1896, 
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mnnth svstem the third and fourth half-months constitute an intercalary 
S5S ; and henc^same would be regarded as [intercom ^ ™£ 
to the north of the Narmada. It is interesting to note that ^the mtercalwy 
month is preceded and followed by a half-month of the sudoha (i.c a ^non 
^tercaferv{ty% Thus in the above table, the second half is the 'proper 
fe nonSefcdary) dark half of VaMkha, the 3rd and 4th halves belong ; to 
Jhe'iXcaTa^ month, and the 5th half again belongs to the '^a^-^n- 
fntercalary) Vaisakha Sukla*. This is the system at present in use But it 
G^shown in our study of the Pancasiddhantika that at the t me of 
Varaha Mihira, that full-moon ending month was termed Cai ra n which me 
Sun's ingress into Aries took place, no matter whether it occurs in the brignt 
or dark half. 

BEGINNING OF MONTHS 

- The beginning of a tithi and the ingress of the sun into a new sign may 

- ™Jr Lanv moment of the day and the lunar and solar months actually begin 
^S^S moments respectively. But it is convenient for Practicalpurposes 

IS the beginning of the month as ^VTXkr^S'cu^eS 
S'^Atith i« ximnnsed^to begin on the day on which the farst titta is current <u 
I ™S inKrst tithi t current at the moment of sunrise on two eonsecu. 

1 solar months are observed. They are :— 

&' 1 (rt In Bengal if the ingress takes place between sunrise and mMmght, 

U V- (b) m Orissa, the months of the 'Arnli' and 'Vilayatf Sans begin on 
I the day of the sun's ingress whatever be its time. 

I : 0\ Two different rules are followed in Madras Presidency also, (a) In 
|S Tam^«"ing^ss takes place 1*"™*^ ^3Eo£ 
| the same day but if after sunset, it begins on jjhe next > day ^^^ 

lB£o? ^^^^^t^'s^^^^^ the nexl 
dayj. 

if the ingress takes place bef ore midnight, otherwise, on the next flay, a. se 

4th and 5th halves CaHed the 2nd Vaisakha. 

fn^ntionedJnlXa) and (b) above. See Epigraph* Indwa Vol. OT, p. 1U. ^ 

i iI>GO/69 
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Chronological Tables is every year published under the authority of the 
Calcutta High Court. In the Table for 1882-83 A.D. the months of the 
Yilayati San are shown to begin according to this rule. 

PARTS OF THE PANCANGA 

Let us now consider the five main factors of the Paficanga (almanac) 
Tithi (lunar day), Vara (day of the week), Nak?atra (asterism), Yoga (sum) - 
and Karana (half tithi)-these are the five factors of the almanac. When the 
sun and the moon come together in the heavens, that is, when their longitudes 
are the same, the "amavasya" (the 30th tithi) is said to end. Thereafter, 
as the motion of the moon is greater than that of the sun, the moon goes ahead 
of the sun. The time required by the Moon to gain 12° over the Sun is termed 
tithi (a lunar day) ; hence, during the period necessary for tlie Sim aaia the 
*Moon to come together again, that is, in a lunar month, there occur 360-12— 
30-tithis. The time taken oy the moon to go 6° ahead of the Sun is termed 
Karana. The days of the week are reckoned from sunrise to sunrise. , bach 
part obtained by dividing the zodiac into 27 parts of 800 mm. of are each, 
and also the time taken by the moon to. cross the part, is termed Naksatra. 
Yoga is the time required for the sum of the longitudes of the sun and moon 
to increase by 800 minutes. 

WHEN DID THE FIVE PARTS COME INTO USE ? 

Our people are accustomed to making almanacs (Paficangas) from very 
ancient times. It would not be wrong to assume that the almanac has been 
in use ever since the people began to have a little knowledge of astronomy. 
It is obvious, however, that the almanac in use in ancient times could not have 
been exactly like the one of the present days. Instead of being quinquepartite 
as at present, the almanac may as well have been quadripartite, tripartite, 
bipartite or, so to say, even unipartite ; and they must have been 
imparting the necessary knowledge verbally, before any script was invented. 
But something indicating astronomical positions must have been in use in 
some form or other from very ancient times. Let us now denote that lorm 
by the name Jyotirdarpana (Mirror of the Heavens). Even the Vedas ordain 
that certain rites should be performed on a certain day, or naksatra or in a 
particular season. From this it is clear that Jyotirdarpana is very ancient. 
Its first factor or part is the savana day. At present var (day of the week) has 
been substituted for the savana day. The knowledge of nakfeatras developed 
after that of the savana day and then naksatra became the second factor. 
Later on there arose knowledge of the tithi. In the Vedahga-jyotisa period, 
about 1400 years before Saka, tithi and naksatra or savana day and naksatra 
were the only two factors used. The tithi lasts for about 60 ghatis; in a way 
it represents the day and night together. Similarly, the factor known as 
'karana' which represents simply a day or a night and which is equivalent to 
a half-tithi may have come into use very soon after the tithi, and the days 
of the week (the varas) may have followed later. The Karana and Vara have 
both been mentioned in the Atharva Veda. It has been shown before (pages 1 38 
& 139 of Part I) that Mesa and other names became current in our country 500 
years before Saka. It has also been mentioned before (page 106 of Part I) irom 
the evidence obtained from the Atharva Jyotisa and the Yajnavalkya Smrti that 
the days of the week came into use some centuries before the Ra^s (signs;, l ne 
sunrise is supported by another work. In the appendix to the Rk-Grnya butra 
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only the days of the week, and not the RSSis, have been mentioned along with 
the tithi, karana, muhurta, nak§atras, Nanda and other names of 
iithis, and dinaksaya {i.e. suppression of a tithi). All these three works 
were compiled before Mesa and other names came into use and it cannot be 
that they were all compiled at one time. This shows that the days of the week 
came into use at least some centuries before Mesa and other terms. The 
Varas and the terms Mesa etc., might have originated at any place, but 
they could not have taken a very long time to spread, for there are no intricacies 
of calculation in them. From this it appears that the days of the week and the 
terms Mesa etc. did not come into use in our country simultaneously, irres- 
pective of the place where they originated. The days of the week may have 
been introduced in our country about 500 years before Mesa and other terms 
came into use, as mentioned before, that is, about 1000 B.S. (before Saka), 
They are at least not more modern than 400 B.S.* 

The time-unit of 'karana' would easily be suggested by the 'tithi'. Hence, 
it must have come into use, soon after the tithi, but before the days of the 
week. Of the works belonging to the Vedanga period which have been con f 
sidered, only three, the Atharva Jyotisa, Yajnavalkya smrti, and Ilk-grhya- 
parisista, mention the days of the week and only the Yajnavalkya Smrti fails 
to mention the karanas, while the other two do mention them. This showi 
that the 'karanas' may not have come into use before the days of the week. 
If it be a fact, both of them may probably have come into use simultaneously, 
or the karanas might have followed shortly after the days of the week. They 
are not more modern than 400 B,S.** 

The principle underlying the order of the names of the Varas, viz. Saturday, 
Sunday, Monday etc. has been already explained on (page. 138 of Part I). It 
shows that the time-unit called 'Hora' was responsible for it. Another principle 
that can account for the order of the names is that, if the lordship for ghatikas 
be given to moon and other planets in their ascending order then, starting 
with the mbon as the lord of the 1st ghati on the first day, Mars would be 
lord of the 1st ghati on the next day, which means that the planet 5th from the 
Moon becomes the lord of the next day. The rule cited by Varaha, 

3WWT fe^TT^r cpsnTT: I! Vo I| . «JOB 



in his Panca-siddhantika, Trailokyasamsthana, lends support to the suggestion 
that the lord of the day is the fifth planet (in ascending order). But no. one hae 
advanced the idea of the lords of ghatikas just as Varaha and others have 
mentioned the lords of horas ; in other words, no one has sought to explain 
the order of the lords of days and the origin of the days of the week on the basis 

*The most modem date that can be assigned to the compilation of the Romaka Siddhanta 
would not be later than the beginning of the Saka era. The Romaka Siddhanta was pre- 
ceded by the Sfirya and the three other Siddhantas, and these by the Jyotisa Sainhita and 
the Sainhita by Mesadi names* 

Hence, the most modern date for the introduction of the Me&di terms cannot be earlier 
than 300 B.S. The days of the week would then be antedated by at least a century. 

**The Mahubharata does not mention Me§a & other terms. Nor does it mention the 
days of the week and the karanas which were introduced earlier. Hence, the latest possible 
date that can be assigned to the Mahubharata cannot be later than 400 B.S. The dates of 
the Slk-gvhya-pari^ista, Atharva Jyoti§a and Yajnavalkya Smrti cannot be later than 300 B.S 1 

19a 
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of the lords of ghatikas. Moreover, according to this assumption Monday 
becomes the 1st day of the week. But nowhere is Monday mentioned- as 
the first day. It appears from this that the names of the days of the week 
must have originated from the time-unit called hord ; and neither the time 
unit nor the name 'hora' originally belonged to us. 

The origin of the days of the week, associated as it is with the idea of *hora', 
has a bearing on something much more important than that. It has already 
been shown before, that the lords of horas are planets taken in the order, 
Saturn, Jupiter, Mars etc. Hence, he who determined the lords of the horas 
definitely knew the order of the planets' orbits round the earth, viz. the Moon, 
Mercury, Venus, etc. which is a proof that they had considerable knowledge 
of the planetary motions. This is a very important fact in the history of 
ancient astronomy. Our jvorks on astronomy mention the revolutions of 
pT&nets in the order, Sun, Moon, Mars, etc. that is, in the order of the names of 
days, and not in the order Moon, Mercury, Venus, etc. If people had attained 
the knowledge of the order of planets according to their motions, before the 
days of the week came into use, the motions would have been mentioned 
in the order of Moon, Mercury, Venus, etc. and not as Sun, Moon and Mars, 
The fact that they are so given leads one to infer that the adoption of this 
order was due to the sense of importance or reverence inspired by the order 
of the names of days before the order of planets according to their motions 
was known. Another point is that the works on Jyotisa Samhita describe 
in the Chapter on Graha Cara (i.e. the courses of planets) the planets in the 
very order of the Sun, Moon, Mars, etc. Some Samhita works, at any rate, 
are more ancient than the Stirya Siddhanta and other works, and they do not 
exhibit such knowledge of planetary motions as would be sufficient for the 
creation of the scheme of the days of the week. ThQse two facts, coupled 
with the exotic nature of the hord as a time unit, go to prove that the seven-day 
week is not an indigenous institution. 

The foregoing explanation implies that even if our people independently 
attained the knowledge of the order of planets according to their motions 
this knowledge had already been attained by foreign astronomers. 

The; days of the week are only seven, wherever they are used on the earth 
and their order is everywhere the same. It shows that the scheme of the week 
must have originated at some common source. Some European scholars 
give the credit for it to Egypt, while others give it to Chaldea. Cunningham* 
writes, "Dio Cassius (200 A.D.) says that the system of the seven-day week 
belongs to Egypt. But the Egyptians did not divide a month into weeks of 
7 days each but into parts of 10 days each". It can be said, therefore, that the 
seven-day week did not originate in Egypt ; but the Egyptologist named 
Renouf, who is proficient in deciphering the script of that country and in 
the ancient languages, writes** in his book in 1890 that the horas or horus 
were deities ruling day and night in Egypt. It appears from this that the word 
4 hora' and the time unit denoted by it, was no doubt in common use in ancient 
Egypt* There is, therefore, the possibility of the week having originated there. 
The word 'hora' is now-a-days supposed to be Greek in origin. But Hero- 
dotus (5th century B.C.) writes that in fact, the time unit was received by the 



♦Indian Antiquary, XIV, P. 1 — 4. 
**See this author's book entitled Dharma MimSifisa, "Bhautika Dharma", p. 127. 
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<}reeks from the people of Babylon that is from the Chaldeans. It is not 
known if either of the two nations, Egypt and Chaldea, knew the order of 
planets according to their motions, and if so, which of them and who received 
ft first. Hence, it cannot be said for certain where the seven-day week 
originated* They might have originated even in Greece. But they did not 
originate in any country other than these three. 

Regarding the use of the names of the seven days of the week in other 
countries, Cunningham writes*, "Tibulus (a Roman) refers to a Saturday 
in 20 ff.C, Similarly, Julius Fantinus (From 70 to 80 A.D.) remarks that 
Jerusalem was captured on a Saturday. It appears from this that the Romans 
had accepted the system of the week about the beginning of the Christian era. 
But the Persians and the Hindus knew the scheme of the week at about the 
same period or even before it. Selusus lived during the reign of Augustus 
(27 B.C.) and Tiberius. He observes that the temples in Persia had seven 
doors named after the seven planets and the doors used to be made of those 
metals and colours which were loved by the planets**. 

Several copper plate and stone inscriptions have been found in our country 
and the earliest instance in which the day of the week has been mentioned 
belongs to Saka 406. There is a stone pillar at Eron in Central Province 
which bears an inscription of King Budhagupta ; it refers to Thursday, the 
12th lunar day of the bright half of Asadha in Gupta year 165 i.e. Saka 406. 
\No astronomical 'human' work is at present available which states, in clear 
terms, a period before this as the date of its compilation. 

WHEN 'YOGAS' CAME INTO EXISTENCE ? 

Keropant Nana observes that it is not known what planetary position 

in the sky is indicated by the 'Karana' and that it is useful only in astrology. 

But*** it is not the correct view. The Karana is equal to a half tithi. Just as 

a tithi shows that the Moon has gone ahead of the Sun by 12 degrees, the 

Karana indicates an increase of 6 degrees in the elongation. In addition to 

this, as the Karana lasts for about 30 ghatis, it is a reasonable time unit. What 

has been said by Keropant Nana about the Karanas really holds good in 

regard to Viskambha and other 26 Yogas. A man is 20 miles away from 

Poona and another man is 40 miles away. The sum of the two figures comes 

to 60 miles. But this figure of 60 miles does not help us in finding the position 

of either of then* ; and it is my belief that the Yoga entered the Pancanga 

calculation several centuries after the other factors. The Pancasiddhantika 

gives the methods of calculating the tithi and the naksatra, but it does not 

give one for finding the Yoga. Similarly, the Brhaisamhitd has considered 

\ at length the effects of naksatras, but not those of the Yogas. I think, therefore, 

that the Yogas did not exist at the time of Varaha Mihira. Aryabhata has 

not given any method for calculating the tithis and naksatras, and hence 

nothing can be said about Yogas in his time. Brahmagupta has explained 

the method of calculating tithis and naksatras, and he has added there a couplet 

to explain the calculation of the Yoga. But the couplet occupies a position 

* Indian Antiquary, Vol, XIV, p. 1-4. 

** Our anc ent works also mention the metals like gold and the colours which are liked 
by different planets. It is well known that some people wear turbans of seven different 
colours on the seven days of the week. 

***Planetary Tables, p.,163. 
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between the 62nd and 63rd couplets in the author's copy of the work which 
has been made from the manuscript in the Deccan College collection. Even 
if it is left out, the remaining couplets would be in their proper order, because 
this couplet is unnumbered. Brahmagupta has remarked in the end of the 
second chapter in which it is found to-day, that the chapter contains 67 couplets. 
But if the couplet concerning yoga be included the total number would be 
68. Another point is that the couplet has no commentary by Prthudaka 
and the edition with the commentary of Prthudaka does not even contain 
even the bare couplet. In addition, it is to be noted that, while Brahmagupta 
has the terms tithi-naksatra-karana, in a group, at several places, nowhere 
does he include the word yoga in it. The references are as follows : — 






span*. % 



Although the Brahmasiddhanta thus refers to naksatra-tithi-karana, in 
one group, at four places, but the word yoga is included nowhere. The 
Khandakhadya as extant at present gives a couplet describing the method of 
calculating the yogas, but that too is an interpolation like the above one. 
Albiruni has mentioned a number of things from the Khandakhadya, but 
has not mentioned any yogas*-. He observes that the Karanatilaka gives 
27 yogas. Had Khandakhadya given a method of calculating yogas, Albiruni 
would not have failed to refer to the Khandakhadya in respect of the yogas. 
It,, therefore, follows that the yogas did not exist at the time of Albiruni. 

There are instructions in the Atharva Jyotisa as regards the rites to be 
performed on particular muhurta, tithi and karana. But it does not mention 
any rites to be performed on any yogas ; and later on it is observed, 

fafaWW^FT|^Tfa fairer: II 

This directs one to perform auspicious rites on certain tithis, naksatras, 
karanas, and muhurtas ; but no yogas are mentioned.. But the word yoga 
occurs in later verses ; 

fafaTSj™" STfacTT ?T^f ^ =3?HFJf || 

^3": 5T^PT*T: 5ft^=cT: II 5.? II 

But astrological works describe 28 yogas ; depending on contributions 
of the naksatras and the days of the week, and the word yoga in the above 
verse might have been used in the same sense ; or else the verse may be an 
interpolation. The Rk-grhya-parisista does not mention the yogas. 

"India, Part n, p. 209. 
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Lalla's Dhivrddhidatantra does mention the yogas. But the passages 
may be spurious or else the yogas might have come into common use very 
recently in those days in his province. The author therefore, feels convinced 
that the yogas did not form an integral part of the Pancanga till Saka 600. 
In the couplets of Brahmagupta cited above, the word vyatipata occurs twice ; 
but it is not one of the 27 yogas. It is one of the two mahapatas, which occur 
when the Sun and Moon are parallel in declination. There is no doubt about 
this as can be seen from the context and commentaries. There is a crude 
method of finding the parallel in declination which is made use of even in 
works dn astronomy ; according to isthmethod, the parallel occurs when 
the sum of the longitudes of the Sun and Moon is 6 signs or 12 signs, the first 
parallel being called Vyatipata and the second Vaidhrti. In order to find 
this parallel it is required to find the yoga or sum of the longitudes of the Sun 
and Moon. This must have led to the idea of finding yogas by the sum of 
longitudes just as the tithi is determined by the difference of longitudes. 

SHORTER NAKSATRA DIVISIONS 

The generally accepted length of the naksatra division is the 27th part of 
the Ecliptic or 800 minutes. But there was a system according to which some 
naksatras had half the usual length, some had the usual length and the rest 
had half as much more. Brahmagupta and Bhaskaracarya have referred 
to it as a system mentioned by Garga and others for astrological purposes. 
According to this system, the six naksatras, Bharani, Ardia, Aslesa, Svati, 
Jyestha and Satabhisak had half the normal length ; Rohini, Punarvasu, the 
three Uttaras and Visakha— these six had If length, and the remaining 15 
had the normal length. 

Garga and Brahmasiddhanta methods 

Garga had adcpted 8C0 minutes of arc as the measure (for a 
naksatra) while Brahmagupta adopts 790' 35" which is the mean motion 
of the Moon ; and following these assumptions, the Brahma Siddhanta system 
has given 4° 14' 15" as the extent of the Abhijit naksatra, which is found thus : 
[minutes of 360°— (27x790' 35*)H4° 14' 15''. According to this system, 
Narada has given the time measures of naksatras thus : 15 muhurtas (or 30 
ghatikas) for half-length naksatras, 30 muhurtas, for full length ones, and 45 
niuhurtas for those If times long ; and they are correct when mean motion 
is adopted. This system appears to have been in actual use for some years. 
An inscription of Bhojadeva, king of Kanauj, has been found at Devagarh, 
a place about 60 miles to the S.W. of Jhansi ; which contains the following 
words : "On Thursday, the fourteenth lunar day of the bright half of Asvina, 
on Uttara-Bhadrapada naksatra, in Samvat 919-which is equivalent to Saka 
784." The naksatra is found to be correct only by the Garga or Brahmasi- 
ddhanta system ; and not by the usual* system of taking a naksatra asan 
arc of 800 minutes. Now-a-days, it is considered whether the diurnal naksatra, 
on which the Aries Ingress takes place, has the time measure of 15,30 or 45 
muhurtas, in order to decide whether it portends abundance or famine ; and 
the method has its origin in this very system. Further, it is also clear that the 
fact that the junction stars of naksatras are not situated at equal distances, 
may have led people to assume unequal arcs for the naksatra divisions. 

The question of the beginning of naksatra cycle has already been dealt 
with (page 266 ). 

*The author had g ven a detailed calculation of this in the Indian Antiquary, January 
1888, page 24 and a detailed description of the system would be found in his article 
"Twelve-year Cycle of Jupiter" in the same issue. 
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ALMANACS IN USE IN DIFFERENT PROVINCES 

Let us now see what kinds of almanac are in use in different parts of this 
country. The author has seen most of the almanacs current in the different 
provinces and has got them in his collection. On consulting these almanacs 
one may safely conclude in a general way that the same kind of almanac 
is current in all the provinces. They differ from one another to some extent 
in respect of the timings of tithi, naksatra, yoga and karana and this variation 
is due to the fact that the almanacs in use in different provinces follow the 
works of three schools : the Saura, the Arya and the Brahma Paksas. 

THREE SCHOOLS 

! Some information about the three schools, has already been given (page 110) 
The Grahalaghava (Saka 1442) refers in clear terms to these three schools. 
Ganesa Daivajiia stated how a planet's position stands the test of observation 
if computed according to a certain school and actually adopted the positions 
accordingly in his works. He held that the Surya Siddhanta, Kararta Prakasa 
and Karana Kutuhaia .represented respectively the Saura, The Arya and the 
Brahma Paksa ( page 133). The Karana Kutuhaia was preceded by the 
Rajamrganka which was similar to it in all respects. These three schools 
are clearly seen in the Muhurta work entitled Muhurta Mdrtanda (SaTca 1493). 
Similarly, Visvanathi and other commentaries refer to them at places. Astro- 
nomers who swear by one of the three schools are found even in the present 
times. The Vaisnavas regard the Aryapaksa as acceptable. According to 
Sudhakara Dwivedl, the following statements (in favour of the Arya school) 
are met with in the "Krsnamrta vakyartha/' a work of the Madhava sect : — 

^rptf far ^rnfvffOTT^r ^ *rf : i 
and also ff ^^^f^^^^^ 13 T^R^?! : ^: , ' 

Some stray sentences bearing a similar import were found in a Dharma- 
sastra work entitled, Smrtyarthasagara. It appears that at the time of Ganesa 
Daivajna school-spirit ran high and therefore, he employed the ruse of decla- 
ring that he had taken a particular planet's place from a particular school, 
in order to please all the schools of his day. He could, otherwise, have taken 
them from some single work, adding necessary correction by means of some 
such remark as Aryah sesubhagah sanih (that he had taken Saturn's place 
with an addition of five degrees, from the Arya-Siddhanta) or by^ adopting 
some other mode of correction. The Rajamrganka belongs to Saka 964. 
The corrections devised by Lalla belong to a period 300 years earlier (The 
Karana-prakdsa was compiled after applying them to the Aryasiddhanta). 
The importance of the modern Surya-Siddhanta must have come to be felt 
even in the times of Lalla. These schools, therefore, are very ancient. But 
with the advent of the Rajamrganka*, their differences may have become more 
emphatic and given rise to a special attachment to one's school. If one 
habitually makes his calculations from a particular work, his descendants 
and disciples are bound to follow suit ; and it is but natural that they should 
begin to feel pride for the school to which the work belongs. It appears 

*An eaMier work of equal value has not yet come to my notice, if extant at all. 
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that even a feeling of hatred may have been engendered among the followers 
of the three schools in certain cases. Really speaking the difference between 
these schools lies in the fact that the moments of solar ingresses and planets' 
ingresses differ by some ghatis owing to the difference in the year-lengths 
and the moments of planentary ingresses into signs vary by some days according 
to the rapid or slow motions of planets because of the difference in planetary 
motions ; and it has been pointed out before, in our study of the Siddhantas, 
that these schools receive only a nominal support from the siddhanta works 
by which they swear, for everytime an astronomer-observer noticed any varia- 
tion in the positions of planets as found by calculation, he devised some suitable 
corrections for basic original work. Hence, it is futile to entertain a false 
sense of pride in respect of any school. 

ALMANAC : ITS CALCULATION AND CIRCULATION 

The oldest almanac printed and published in this province Maharastra 
that has come to the author's notice belongs to Saka 1753. It appears there- 
fore, that almanacs began to be published in Maharastra about that period. 
The almanacs which are printed in Bombay and Poona in the Maratlu 
(Balabodha) script, are all based on the Grahalaghava and the Laghu Cinta- 
mani. The ending moments of tithi, yoga and naksatra, in ghatis are found 
from the Laghu Cintamani and the remaining calculation is done from the 
Grahalaghava. In Konkan, the Brhat Cintamani is used more often than the 
Laghu Cintamani. The timing of tithis, etc. as found from that work are 
«lightly more accurate. The almanacs of Bombay and Poona adopt 4 as the'pala- 
bha' and 40 yojanas West as the 'desantara' (longitude). For several years the 
calculation for the almanacs printed in most of the printing presses used to be 
done by Aba Josi Moghe of Bassein. From Saka 1798, his son Pandurang 
Aba used to do the work. Since Saka 1818, his son Ramacandra Pandurang 
has been doing it. For several years past the almanac of the Nirnaya Sagar 
Press is being compiled by Cintamani Purusottam Purandare Josi of Bassem. 
This almanac and the one compiled by Moghe and printed at Ganpat Krs- 
naji's Press contain figures only a little more accurate than those °f_other 
almanacs. In reality, however, all almanacs published m Bombay and Poona 
are identical, and they are current practically throughout Maharastra. A 
number of booksellers told me that these almanacs are used by the Marathi- 
speaking people in the Hyderabad State and also in border areas of Telangana 
and Kaharese territories. Sometimes almanacs are published at principal 
towns of some districts in Maharastra, which are also based on the Graha- 
laghava. Even those printed at Belgaum and Dharwar and in usem the 
adjoining territories, are compiled from the Grahalaghava. Again the Graha- 
laghava almanac is used in the Vijapur and Karwar districts. It is in common 
use in the Bellari district of the Madras Presidency. The same almanac seems 
to be in use even in other Kanarese districts of that Presidency. Only the 
Grahalaghava almanac is in use in the province of Berar and at Nagpur 
Again, the almanacs which are at present published by the Governments of 
Indore and Gwalior States or under their patronage and which are used by 
almost all the people in those States are compiled from the Grahalaghava. 
It appears from this that almanacs prepared from the Grahalaghava must be 
in general use in those areas where the Deccanis predominate or are in majority. 
The author has in his collection an almanac, printed at the Akhabare Saudagar 
Press in Gujerati characters and in the Gujerati and Sanskrit languages. It 
has strong resemblance with the Marathi almanacs published in Bombay. 
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It seems that all almanacs printed in Bombay and in use there and among the 
Gujerati-speaking people elsewhere must be similar to this one. One of the 
author's friends wrote to him from Navsari "No almanacs other than those 
published in Bombay are used here. The Bombay almanacs are in use also 
in areas around Sural". A friend from Kathiawad writes, "Almanacs com- 
piled in Marathi and Gujerati and published in Bombay are used in these 
parts. Those published at Ahmedabad are also in use." This friend sent 
me an almanac for Saka 1810, printed in Balabodha characters, m Gujerati 
and Sanskrit languages, and printed at the Union Printing Press, Ahmedabad. 
The positions of planets in it are calculated entirely from the Grahalaghava. 
The tithis and other parts also are probably prepared from the Tithi Cintamani. 
The Baroda State uses only the Grahalaghava almanac. One may safely 
conclude from this .that almost the entire province of Gujerat uses the Graha- 
laghava almanac. Formerly in all big cities the local astronomers used to 
prepare their own almanacs ; even to-day we come across some such instances. 
But as printed almanacs are now available at a moderate price, the manuscript 
almanacs have vanished. When formerly different astronomers used to 
compile almanacs themselves, it appears that some of them in Maharastra 
afid Gujarat may have been almanacs of the Brahma and the Arya schools ; 
and we do come across references to this effect. Viswanatha in his commen- 
tary on a Tajaka work remarks that in preparing an annual reading the sun s 
place should be calculated according to the school that was followed m casting 
the radical horoscope. The author of the Mukurta Martanda (Saka 1493) 
was a resident of a place near Devagad (Daulatabad). He has given in that 
work an example of a suppressed month in which he gives the calculation of 
the solar ingress and tithi, both according to the Brahmapaksa and Aryapaksa. 
It appears from this that almanacs belonging to the two schools and used to 
come to his notice in his province. Navasari friend writes that the local 
Josls prepare almanacs from the Brahma-mana-sarani, but do not print them. 
Other evidence also goes to reveal that the Brahmapaksa must be very pre- 
dominant in Gujerat. That Josi almanac-makers are becoming extinct 
day by day on account of printed almanacs is indeed a serious loss ; but it is 
counterbalanced by a gain in another direction inasmuch as uniform almanacs 
are everywhere come into common use. 

An almanac known as Candu Pancanga is in use among the Marwari people. 
It is compiled for the longitude of Jodhpur, the palabha assumed being 6. 
There are a few almanacs of this kind printed in Bombay. The sun's place 
and the solar ingresses in it show that the compilers follow the Brahmapaksa ; 
and the ahargana which they give, is calculated according to the Karana- 
kutuhala. But they also give shorter ahargana. The planetary places do 
not agree with those calculated from the Karanakutuhala, and the tithi and 
other factors, also show a little variation. This shows that another work must 
have been compiled by applying corrections to the Karanakutuhala and they 
appear to be compiling the Candu almanac on the basis of the new work. 

The Makaranda holds the field at VaranasI, Gwalior and many regions 
in Northern India, and the almanacs based on that work are current among 
the people of those regions, (page 127). * 

The author had with him a Siddh&nta Pancanga for Saka 1809, which is 
printed in the Telugu characters in Madras. It is prepared by adopting 3 2 
as the palabha. This and the facts stated earlier, (page 260) clearly show 
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that it is in use in the province of Telangana to the north of Madras. The 
moments of Sun's ingresses given in it show that it has computed the sua s 
place from the Surya-Siddhanta. But the positions of other planets do not 
tally with those of Graha Laghava or Makararida almanacs. It is not yet 
known from what work they are calculated. They may have been calculated 
after applying some other corrections to the Surya Siddhanta. 

Some almanacs printed in the Malayalam characters were available at 
Cochin. It gives the moment of Mesa ingress in Saka 1809 as 8gh. 57 pal. 
on Tuesday, the 5th lunar day of the dark half of 'amanta' Caitra. 

The moments are given below of true Mesa (Aries) Ingress as calculated 
from different works to show how far the three schools differ in timing the 
solar ingresses : — 

Moment in ghati-palas after mean sunrise at /UjjayinI on Tuesday, the 5th 
lunar day of the dark half of 'amanta' Caitra, Saka 1809 (12th April, 188/)^ 





gh. 


pal. 


Original Surya Siddhanta 
Modern „ „ 


13 
15 


18 

14 Saurapaksa 


First Arya Siddhanta 
Karanaprakasa 

Second Arya Siddhanta 

Rajamrganka, Karanakutuhala 


7 

10 
10 , 


31 Aryapaksa 

25 
45 Brahmapaksa 



As calculated from the Brahmasiddhanta, this ingress takes place at 54gh, 
46p on Sunday, the third lunar day of the dark half of Caitra, that is, about 
2i days earlier. But it has already been pointed out before that the Branma-. 
siddhanta had gone out of actual use from about Saka 964. The moment 
of ingress, 8gh-57pl, given by the above-mentioned Malayalam almanac very 
nearly agrees with that of the first Aryasiddhanta. The difference of lgh-26p 
is due to such factors as longitude, ascensional difference, etc. It is evident 
from this that the almanac follows the Aryapaksa. The positions ot some 
of the other planets given by it agree with the positions calculated trom tne 
Karanaprakasa*. With regard to those which do not agree the dirterence 
is perhaps due to some different mode of corrections employed. From otner 
evidence also it can be seen that the Aryapaksa is followed m those provinces 
of the Madras Presidency which speak Malayalam and Tamil languages. 
It is learnt that the local almanacs are prepared from a work named ^ Vakya- 
karana'. I have not seen the work ; but there is not doubtthat the almanacs 
are compiled with the help of that work or from some other work following 
the Aryasiddhanta. 

The author got an almanac published in Calcutta It cannot be clearly 
ascertained what work has been followed in it, but ithas adopted the year 
length given by the Surya Siddhanta. From this it appears that that the 
Surya Siddhanta year- length is Jollowed in Bengal. • 

♦Although the author was not quite at home in the, Telugu and Malayalam wij*Jf 
gathered the above information from both the almanacs after readmg them with great etton r 
and he was pretty sure that it is quite correct. 



284 History of Indian Astronomy 

The work Paiicanga Kautuk (page 167) shows that in Kashmir, almanacs 
used to follow the Khandakhddya, for a good many years, that is to say up to 
about Saka 1580, and they may still be doing so. The Khandakhddya should 
not, however, be regarded as being preserved uptil now in its original form. 
The commentaries show that several kinds of corrections have been applied 
to it. The moments of ingresses calculated from the Khandakhadya happen 
to agree with that by the original Surya Siddhanta and are nearer to those 
of the modern Surya Siddhanta than other works. 

IMPORTANCE OF WORKS 

All things considered, one may say that the Grahaldghava and the Tithi 
Cintamzni are the most extensively in use. Makaranda stands next place 
in respect of circulation. These three works have adopted the year-length 
of the modern S.S. The same length of the year is used in Bengal and Telan- 
gana. In other words, this measure is used by five-sixths (5/6) of the popula- 
tion of this country. In Marwar, the year-length of the Brahmapaksa is in 
use while that of the Aryapaksa has been favoured in the Dravidian and the 
Malabar provinces. That of the original S.S. is in use in Kashmir. Before 
printed almanacs came into use, astronomers in all the leading cities used 
to compile their own almanacs. In those days, almanacs belonging to diffe- 
rent Schools may, in certain cases, have been prepared by some; but the 
details described above must have been mainly followed everywhere. They 
are being definitely followed at the present time. I have already described 
in detail in the chapter on mean motions, what Siddhanta works, Karana works 
and Sarin! works (on tables) had influence over the almanac-makers' business 
during the Jyotisa-Siddhanta period, together with the extent and period of 
their influence. 

Verifiable new almanacs 

. None of the Nirayana almanacs current at the present time can stand 
the test of observation. So some very precise almanacs are being published 
now-a-days, which, it is claimed, are verifiable by observation. I propose 
to describe such almanacs below. 

THE KEROPANTI OR NEW PATAVARDHANl 
ALMANAC 

This almanac began to be published since Saka 1787. It has adopted the 
latitude and longitude for Bombay for calculation. The late Kero Laksman 
Chatre was its compiler and the late Abasaheb Patavardhan was the sponsor 
of the almanac. For some years in the beginning, Keropant himself appears 
to have done the whole calculation. Later on, Aba JosI Moghe of Bassein, 
used to do the work under his guidance, and after the former's death, his 
descendants are doing it. It is learnt that since the death of Keropant his 
second son Nilkanth Vinayak Chatre supervises the calculation work. 
Another son of Keropant and one of Keropant's pupils are also said to be 
taking part in the work. Janardan Hari Athale, proprietor of the Jaganmitra 
Press at Ratnagiri, takes great pride in this almanac and he, used to print it 
at his own expense from Saka 1791 to 1811. This almanac was at first known 
as the "Navln Pancaftga"— (the New Almanac). At first, Aba Saheb Patavar- 
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dhan used to bear the expenses of the calculation work and now they are being 
borne by his descendants. Aba Saheb had a great liking for this subject. 
He had spent about three or four thousand rupees in purchasing some instru- 
ments and he used to take observations himself. It is true that the idea of 
this almanac was originally suggested by Keropant, but it would not have seen 
the light of the day without the encouragement given by Aba Saheb. The 
almanac came to be called "Navln or PatavardhanI Pafic^nga" since Saka 1799, 
as a tribute to the memory of Patavardhan. Since Saka 1812, Vasudeva 
Ganesa JosI, proprietor of the Citrasala Press, has been printing this alma- 
nac at his own expense. As the sale of the almanac is very limited, the 
publication is not self-supporting. If Athale and JosI had not undertaken 
the* responsibility of printing the almanac, it would have become extinct long 
ago But no one has ever publicly expressed gratitude for these service, 
nor' even cared to declare the fact that they print it at their own expense. 

The Keropant's almanac is different in two ways from the universally 
used almanacs in our country. The first point of difference, is that m this 
almanac, the equinoctial motion has been taken to be the actual value viz. 
50— seconds of arc, and Saka 496 as the Zero precession year because in that 
vear the equinox coincided with Zeta-Piscium, the junction star of Revati i ; 
' naturally, therefore, the length of the year adopted is the actual length of the 
sidereal year viz. 365 d -15^- 22 p - 53 v . Consequently, the figure for ayanamsas 
for any year should be the distance of the equinox from the junction star of 
Revati The ayanamsas in the beginning of Saka 1808 have been taken to 
be 18° 17' * The second point of difference is that the positions and motions 
of planets in this almanac being quite accurate, the phenomena like eclipses,, 
conjunctions of planets, etc., are found to agree with observation**. The 
almanac is prepared with the help of the English Nautical Almanac Because 
of this fact and also because the English almanac which is extremely accurate 
agrees with observed results, Keropant's almanac can naturally claim the 
sfme degree of accuracy. These almanacs will be further considered in our 
study of the question of almanac reform. Keropant has not prepared any 
MarathI or Sanskrit book which would be helpful n compi ing he .almanac 
of this sort. Venkates Bapuji Ketkar has recently compiled such a work 
(pages 179, 184). 

DRIGGA^ITA PAfiCAftGA 

Raghunathacarya*** of Madras began its publication from ^ gaka 1791 
(mge 182) It is compiled from the Nautical Almanac. It is printed 
both in Dravidian and Telugu characters, which shows that it is very much 
in demand in those parts. It is called the siriya (short) almanac. It is learnt 
lhat when Raghunathacarya was alive he used to compile a penya (large) 
edition of the Mrigganitapanca nga'. The au thor got the sh o rter almanac 

taking intoxication the position of the star Zeta P*™' * e ™^ 
calculation^fhow? that the ayanamsas, in the beginning of Saka 1808 ought to be 18 17 10 .. 
Patavardhan's almanac is erroneous by 10 seconds. 

**The times of heliacal rises and sets'of.planets sometimes d°™t tally but th.s is due to 
quite a different reason. The question has been considered later on in the chapter on Rise 

*t*'cintamani is the surname of Raghunathacarya. According to Natesjastrl, 
he was a resident of Kabanaalam, a village situated Smiles to the East of Kanci. 
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for Saka 1818 (current Kali year 4998) printed in Dravidian characters, which 
is compiled by Venkatacarya, son of Raghunathacarya. It has given in it 
the moment of the Nirayana Mesa ingress in Saka 1819, as 52 ghatis 43 palas 
on Sunday the 11th April 1897. The true Mesa ingress calculated from the 
Surya-Siddhanta comes to occur about the samd time. (The difference is 
very small). It appears from this that it has adopted for its ayanamsa at 
the beginning of the Saka year 1819, an arc of 22°15' which is the difference 
between the sun's longitude as calculated from the Surya Siddhanta and the 
Sayana place of the sun (at the moment of the Nirayana Ingress), as obtained 
from the Nautical Almanac. It seems that the almanac has adopted the latitude 
and longitude of Madras. 

BAPUDEVA'S PANCANGA 

Pandit Bapudeva S~astri recognizes the importance of the sayana system 
About 1863 A.D. he had delivered a lecture in English on the scientific character 
of the sayana system, which has been printed. Although he appears to be 
convinced of the fact that the sayana-pancahga is scientific, he began to compile 
from Saka 1798 a nirayana almanac and publish it under the patronage of 
the Maharaja of Varanasi. In doing this he was apparently prompted b y 
the desire to satisfy those people who follow the nirayana paficanga for in 
the Introduction to the almanac he writes, "I am urged to compile an alman ac 
under instructions from His Highness! Svariprasad Narayana Simha Bahadur 

of Ka ^ * Although it is the sayana system which is really the superior 

system, I have prepared this nirayana tithipatra (almanac) for the satisfaction 
of the public, since in India the nirayana system is everywhere followed". 

Bapudeva's almanac is prepared from the English Nautical Almanac 
Its calculations are based on the latitude and longitude of Kasi. He observes 
that the ayanamsas adopted are equal to the difference between longitudes 
of the sun as obtained from the Surya-Siddhanta and other works and its 
accurate sayana longitude. A comparison of the sayana place of the sun 
in the Nautical Almanac and that taken by Bapudeva in his almanac shows 
that he has taken about 22° V as the ayanamsa for Saka 1806. This year 
the ™~ ent J y mt0 Me?a ' accord »ig to the Surya-Siddhanta, takes place! 
at 30<*-26^ after sunrise on the horizon of Kasi, on Friday, the first lunar 

y ?f« ^ a half of am5nta Caitra - Bapudeva's almanac has given it 
o-jjI "i? on the same day " This m °ment is in advance of the Surya 
Siddhanta by 46 palas, but it does not agree with the figures obtained from 
any other Siddhanta ; it is evident that he has taken the sun's place according 
to the Surya-Siddhanta and not used according to any other Siddhanta The 
difference of 46 palas must be an error. When he had a controversy with 
Keropant, Bapudeva stated in the columns of the Mycin Prakcisa of Poona 
dated 14th June, 1880, that the sun's place should be taken as obtained from 
the Surya-Siddhanta. He has, however, added therein that it should be the 
mean position. The sayana position of the sun, as calculated from the 
Nautical Almanac for the moment of the sun's entry into Mesa according 
to the Surya-Siddhanta comes to 22° -0' -31*, and the figure which ought 
So i / !S P a y anain sa must be so much. Since Bapudeva had adopted 
22 -1 -0 as the ayanamsa, it is clear that he has taken the true place of the 
sun and not the mean place in his almanac. Some disciples of Bapudeva 
have continued the publication of the almanac after him even to this day. 
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Bapudeva's almanac differs from other almanacs only in one respect 
The positions and motions of planets given in the almanac are very accurate 
and are seen to agree with observation, because it is prepared from the 
Nautical Almanac. The ayanamsas, however, show a little difference ; but 
in fact it is no difference. The adoption of the difference between the sun's 
position as calculated from the Surya-Siddhanta and that obtained from the 
Nautical Almanac as the ayanamsa, in a way, amounts to the adoption of the 
year-length of the Surya-Siddhanta. We shall revert to this almanac later 
when we study the question of almanac reform. 

Other Precise Pancangas of the Nirayana School 

Two more precise Pancangas of the nirayana school calculated from the 
Nautical Almanac have come to the notice. ^ Both of them have been prepared 
on the nirayana basis. Sundaresvar Srauti and Venkatesvar DIksit 
from Tiruvadi in the Tanjore district, have been publishing accurate solar 
almanacs since Saka 1798 in Tamil characters. The almanac for Saka 1815 
has given 22° 10' as the ayanamsa which is almost equal to those adopted 
by Raghunathacarya for the beginning of Saka 1815. In that year, the 
sun's entry into Mesa takes place at 51 gh -31 p on Tuesday. An association 
known as Jyotistantrasabhd appears to have started in Tiruvadi. Its Chairman 
Cidambaram Iyer, has written a small book entitled Hindu Zodiac. He 
observes in it that this almanac is published at Kumbhakona under orders 
of the Samkardcdrya. 

An almanac named Ajit Prakdsa prepared for Saka 1818, by astronomer 
Rurmalla, under orders of Ajit Simha, Chief of Khetadi State in Rajputana 
has come to my notice- It appears to have been published for the first time 
this year. It has adopted 22° 11' as the ayanamsa at the beginning of the yean 
It has been prepared from the Nautical Alamanac, and the latitude and 
longitude of Khetadi have been adopted for calculation. The latitude has 
been mentioned as 28° and the longitude in time has been given to be 3 pals 
west of Ujjayim, 

THE SAYANA PANCAftGA 

The sun actually begins to turn northward or southward 
on the very days, on which, as shown in all the almanacs 
current in this country, the length of the day begins 
to increase or decrease ; and the same thing is actually observed in the 
sky. Any thoughtful layman would naturally wonder why the almanacs 
do not mention the phenomenon of this change of course as occurring on 
those very days, and why the Makar and Karka Samkrantis shown as occurring 
about 22 days later. The sayana paiicanga which is published these days 
owes its origin to such enquiring spirit and the investigation that followed 
it. The three, Lele, Jandrdan Bdldjl Mddak and the author, are the origi- 
nators of the almanac. The idea of publishing the sayana almanac struck 
each of them independently. But it was Visajl Raghunath Lele who really 
blazed the trail. When Keropant Chatre, started making improvements 
in the almanac and began to publish an almanac with the help of Aba Saheb 
Patavardhan, Lele thought that a complete and thorough reform of the 
almanac was more desirable than half-hearted piecemeal improvements, and 
that Keropant Nana was equal to the task. Lele then launched a campaign 
of criticism against Keropant's almanac in 1872 (Saka 1794) through the 
columns of the Indu Prakdsa. In the beginning he got a letter published 
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in that paper in the name of one Govindrao Sakharam and suggested inter- 
alia that the tropical year should be adopted, if any reform of the alinanac 
was to be carried out. Keropant retorted : "1 am not the only follower 
of the nirayana almanac. There are, people, from one end of the country 
to the other, wno follow it. Let any one of them deal with your objections, 
and if no one does so, I will join with you". For several years' however, 
Keropant did not reply. Lele was all the time pursuing the subject through 
the press under the pen-name "Sphutavakta Abhiyogi" (Candid Com- 
batant). He still hoped that either Keropant, or Bapudeva who expressed 
merely lip sympathy for the Sayana system, would start publishing the sayana 
almanac and it was his heart-felt desire that either of them should receive 
the credit for such achievement. But Bapudeva started the nirayana pancauga. 
About 1880 A. D. when Keropant and Bapudeva were engaged in a controversy 
in the columns of the Jhydn frakasa, on the question of year-length and 
ayanamsa, Lele appealed ito both of them to adopt the sayana system but 
it was of no avail. Keropant observed in reply to Lele that though the sayana 
system was correct so far as the seasons were concerned, he did not ap rove 
of the idea of compiling the almanac according to that system. And in the 
course of this reply Keropant blurted out certain views bordering on defiance 
of Dharmdsastra though in his "Introduction" to the Patavardhani almanac he 
used to declare that the almanac aimed at enabling people to perform religious 
functions at the time prescribed by Dhdrmasastra. Lele, therefore, gave 
up the controversy. At about the same time, as also later on, Lele, Mcdaka 
and the author wrote a number of articles on the sayana almanac in the 
'Arunodaya' news paper of Thana. As the editor of the paper supported 
our cause, the sayana almanac could appear in the paper in fortnightly instal- 
ments in Saka 1804 and 1805. Later on, the patronage of H. H. Tukoji Rao. 
Holkar could be secured through the efforts of Kisnarao Raghunath Bhide 
and the sayana pancahga could be published in proper form from Saka 1806, 
and the publication continued for four years while the monetary help also was 
received- His Highness Tukoji Rao died in Saka 1808 and the patronage came 
to an end, and no further help could be secured in the absence of any pain- 
staking person like Bhide in that circle. Still, Lele published the almanac 
for four years from Saka 1810, almost at his own expense. Since Saka J 8 13, 
the author has been publishing it in the same way. J. B. Modak died by the 
end of Saka 1811 and Lele in Saka 1817. The fortnightly instalments of the 
almanac for Saka 1818 are being published by the editor m the issues of the 
Arunodaya. The calculations for the almanac were done by Lele in the nrst 
vear Those for Saka 1805 were done by all the three of the makers. During 
the next 13 years the author has been mainly responsible for the calculation 
work and general supervision of the almanac. Unlike Patavardhani almanac 
no one pays for the labours of calculation ; not only this, but the pnntmg 
charges also have to be borne by them, since the circulation of the almanac 
is very limited. 

While His Holiness Samkaracarya of Dwarka the head of the Sarada 
Matha, was in Lashkar, Gwalior, in Saka 1815, V. R. Lele submitted to him 
Srent almanacs, including the Grahalaghava those by V*\™m*m, 
Bqpudeva's and the sayana one, and requested him to give ^decision as 
fo which almanac should be regarded as acceptable Then His Holiness 
considered the matter from all points of view, published an alHndia ordinance 
recommending the use of the sayana almanac. The ordinance is as follows :- 
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II sftarrofsTT f^R^TTTW it 
sfa*3T*Tf I 

tffa^R-. TPISRSflT: 5TR5RT SF^PTCfarrfsflT^tfl^faF^ 
1 DGO/69 2a- 
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^rT^rf^Kw«r^ f fa % i^r *tt*fftsjt: *rf tf<T sfrwr f«rcrRt ^tttst 5R*rr 

Lele himself received a letter (No. 218), which may be sUmmed up thus :— 
"With regard to your elaborate petition concerning the controversy centring 
-round the sayana-nirayana almanacs, I have to inform you that on weighing 
all the evidence, I find that the nirayana almanacs should be taken as ex- 
tremely doubtful, since they do not give the correct time for performing the 
rites ordained by Sruti, SmrtI and Puranas. As the sayana pancanga recommen- 
ded by you gives the ^proper times, this Samsthan of the Jagadguru, declares 
that the Sayana Pancanga should be regarded as a suitable almanac for perfor- 
ming religious rites" (signed) Sankaracarya, on Saturday, the 2nd 

lunar day of Phalguna, Samvat 1949, the Avatar &aka 2362, Camp, Lashkar 
Gwalior*. 

There is a twofold difference between the orthodox . almanacs and the 
sayana almanacs. The first is that the sayana almanac adopts a different 
measure for the year length, and the ayanamsas are always zero. The second 
difference is that being prepared from the English Nautical Almanac or the 
French Connaissance des Temps (Knowledge of Time), the positions of planets 
given in it are always correct and verifiable by observation. 

The almanac adopts the latitude and longitude of Ujjayim as the basis of 
its calculation. 

STUDY OF ALMANAC REFORM 

The calculations of the popular almanacs, such as the Grahalaghava 
almanac, do not agree with observation ; hence it is necessary that they 
should be rectified. Of the almanacs newly introduced during the last 30 
years, six very precise almanacs have been desribed ; all of them, except 
the Sayana Pancanga, are nirayana but even these do not adopt the same 
ayanamsa figure. The writer being of opinion that instead of adopting the 
nirayana system the almanacs should follow the sayana system, he proposes 
to enter into an analytical discussion of the two systems. 

*The originals of both the fettops are in the possession of Mr, Lele, 
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Characteristics 
The definitions of the sidereal (nirayaua) and the trpical (sayna yea r 
have already been given ( page xxxii of Part.. I ). The siderel year is longer 
than the tropical year by about 51 palas. But the length of the year adopted 
by all our astronomical works is greater than that of the tropical year by 
aboact 60 palas. Some point of the Zodiac must be adopted as the initial 
; point to indicate the places of planets. The initial point of the zodiac, 
^according to our astioromical works, coincided with the vernal equidox in 
fSaka 444 ; and as the length of the year adopted by our works greater thian 
Ithat of the tropical year by about 60 palas, the position of the initial point is 
ptdvancing by about 60 seconds (of arc) every year with respect to the vernal 
Jquinoz* The distance between the equinox and the position or the initial 
p?oimV as obtaieed form our works, is called ayana/pia, The phenomenon 
m the percession of equinox was first known from the shifting of the 'ayanal, 
§>oint, The displacement cf the ,ayana'-point in degrees is the 'ayanamsa'. The 
|^ame term came to ba applied to the shifting of the equinoctial point, in 
glegrees. If the position ofa planet reckoned, by taking the equinox as the 
initial point It includes the 'ayanamsas' and hence the position is termed 
gsayana' (inc usive of 0ayanams2s' ; and it it is reckoned from the initial point 
Assumed by our astronoffiiual wosks, it is devoid of ayanamsas, and hence it 
&s termed 'niryae' (exclusive of ayanamsas). 

I "- Study of Ayandmsaas 

f. According to the Grahaldghava, the ayanamsa in £aka 1809 comes to 
I22"45", According to Raja-Migawka and other works following the Brahma- 
teaksa and the Kara«a Prakasa following the Aiyapaksa, it comes to 22°44". 
^According to Sfirya-Siddhanta it amouts to 20°49" 12". The Makaranda 
ialmanacs and those current in Bengal appear to be adopting the same 
|amount, Similarly, calculators made from sayana ingresses' given in the 
fiTelangi almanacs descrised before show that they also adopt this amount of 
I ayanamsa, But this amount involves a bigger error than the one involved in 
^adopting 22°44" or 22°45'\ The Tamil and Malayalam territories of the 
| Madras presidency adopt an ayanamsa equal to that of the Grahaldghava. 
| Similarly the Pancanga Kautuka and other works show that, in Kashmit they 
fadopt the ayanams equal to those adopted by the Grahaldghavaa. The mom- 
lent of Mesa-ingress is the beginning of the solar year. Hence, as remarked 
jym the course of our study of ayanamsa niarayana almanac should adopt 
rthat figure an the ayanamsa which in equal to the true sayana longitude of 
|the observed sun at the moment of the true Nirayana Mesa-ingress, calculated 
pecordingto the woik, on which the almanc is based ; and this will make 
|the moments of the solstitial and equincctial positions conform to abservation 
|The moments pf solar ingress in to Mesa, obtained for gaka • 1809, according 
J to different siddhanta works have been given ( page 283 ) before. The arcs 
.obtained by calcuating the position of the tropical sun at those momenet 
from the French Almanac or the English Nautical almanac, represent the 
^ayanamsas which ought to be adopted so as to be in consonance with the 
'■'i length of the year assumed by .different works ; these arcs of ayanamsa 
j a re; given below ; — • 

. , 26a 
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Avanamsa it 
Saka '1809 



22° 1/ 

22 3 

21 55 

21 58 

21 58 



27.6" 
21.3* 

47.8 
38.2 
57.8 



Original Surya-Siddhanta . • • • >• 
Modern Surya-Siddhanta • • - • • 
First Arya-Siddhanta, Karana Prakasa . 

Second Arya-Siddhanta 

Rajamrganka ; Karana Kutuhala 

The Grahvldghavc has adopted the same length of the year as the Surya- 
Siddhanta and the avanamsa calculated on this basis, come to 22 45'. But 
they should be 22°3' as shown above, which means that there is an error of 
about 42 min. of arc. The sayana longitude of the sun, as calculated on the 
basis of (the ayanamsas of) the Grahaldghava, differs* to that extent from 
the sayana sum calculated from the Nautical Almanac. 

Bapudeva's almanac is compiled from the Nautical Almanac ; and it 
correctly shows the ayanamsa for saka 1809, to be 'about 22°4", as calculated 
above, since he has adopted such a figure for ayanamsa as would satisfy the 
definition of that term given by Bhaskaracarya and others, (Page 218) viz. 
that "ayanamsa is jhe difference between the tropical longitude of the sun and 
that obtained from the Surya-Siddhanta at the moment of the sun' ingress 
into Mesa". Keiopant's almanac has given the ayanamsa (18° 18' for Saka 
1809) in'accoidance with his view that ayanamsa is the distance of the vernal 
equinox from the star Revati (Zeta Piscium). As for the Sayana Pancanga 
the equinox itself being the initial point there is no necessity whatsoever 
to adopt any ayanamsa. The remaining three of the above mentioned six 
almanacs show neany 22°3' as the ayanamsa and the figure is no doubt 
correct. 




-It has been been mentioned before ( page 213 ) that during the time-mtervd between 
the vear-length of the Surya-Siddhanta and the length of the tropical year, the tropical sun 
moves 58" 8; and hence 58".8 or 58". 6 has been recommended for adoption as ayana- 
molion, this is quite precise. If 58".7 be assumed as the motion, and reverse calculation 
be made from the above ayanamsa for 1809, the zero-precession year of the Surya- 
Siddhanta would come in Saka 457. Teh Saka year 450 found before ( page 217 ) was 
arrived at by taking into account tne correction due to secular equation and tne \anationa 
in the equation of centre. 
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Definition and nature of the Sayana and Nirayana Almanacs 

The above circle represents the ecliptic. V is the position of the vernal 
equinox, A that of the autumnal equinox, and Z is the position of the star 
Zeta I iscmm at the present time (about Saka 1818). Z stands at a distance 
of about 18°26' from V. S l is the sun's position at the moment of the apparent 
entry of the Sun into Mesa according to the Surya-Siddhanta and other works. 
N and S are the winter and summer solstitial points. Point Z is fixed. The 
equinoctial and solstitial points have got a retrograde motion and it is the 
same (about 50" per year) for all these points. As the length of the year 
adopted by our astronomical works is greater than the actual length ot the 
sideral year by about 8.6 palas, theif initial point, viz. point S x in, the above 
figure, is not stationary. In other words, point V moves backward with 
respect to the point Z at the rate of 50 T % seconds per year while point S, 
moves forward by 8.5 seconds. ( page 219). 

Tskii-E the vernal equinox as the initial point, the ecliptic is divided into 
12 eoualVrts called 'Sayana Signs' and again into 27 equal parts, called 
'Sayana Nsksatras'*. Because the equinox moves, the sayana signs and 
naksatras also move. When RevatI or any other star is supposed to be at 
the "beginning of- the ecliptic, the 12 or 27 equal parts of the ecliptic based 
on such intial point are called fixed or Nirayana Rasis and Naksatras. The 
terms 'feed and moving' are found in our astronomical works. This expla- 
nation will enable one to understand the nature and definition of the sayana 
and nirayana almanac. Keropant's almanac is compiled on a purely 
nirayana basis. The year-measure taken for Bapudeva's almanac and those 
compiled from our astronomical works does not agree with the actual length 
of the sidereal year. But the ayanamsa adopted by them are in conformity 
with the length of the vear they have adopted. Hence, the planetary positions 
shown by them are exclusive of ayanamsa and there would be no harm, there- 
fore, if these be regarded as 'nirayana' and the rasis and naksatras m them, 
as nVaya^a rasis and naksatras. Similarly, because the length of their year 
is greater than that of the true sidereal year, their initial point does not remain 
fixed ; all the same it was the intention of all the Siddhantas that it should be 
fixed or stationary, since they have assumed fixed longitudes for stars for all 
time to ccme. Hence, the 12 or 27 equal parts measured from the initial 
point of our Siddhantas are also fixed rasis or naksatras. 

Correct Planetary positions obtainable by any system 

The six modernized (accurate) almanacs referred to above differ from 
those folic wing the old methods in one respect. This difference lies in the 
fact that three of them g ive planetary positions agreeing with observation . 

•Some people raise the objection that it is improper to apply the attribute 'Sayana' 
to such terms as Rasi Naksatra, month and the paficanga. There has never been any 
obiection tTappK the adjective 'Sayana' to the position of planets ; andBhaskara- 
325 Trd ethers hive applied it accordingly. Then why should there be any objection if 
S?*£ and n^atra divisions which are formed with *^ «VffiL?°^ 
of planets, be called sayana ? Similarly there would be no harm if the almanac, which 
is compiled according to the sayana system or related to the sayana planets be called 
"savana almanac" for the sake of brevity. It is only a technical term. In the course 
of the debate held at Indore over the question of the sayana almanac, some quibbler 
remarked that since the word 'sayana' is a 'Bahuvrihi' compound intended to serve 
as a qualifying or subordinate team, the sayana Paficanga too is a subordinate matter. 
The contention, that the term Sayana Paficanga is incorrect, is equally absurd. 
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Let us first consider the point. No matter what system the almanac follows 
it is expected of it that the times of the occurrence of eclipses, the conjunctions 
of planets with other planets or stars etc., should be verifiable, if one's 
calculation goes to show that a particular planet would be seen at a particular 
place, at a particular time, it must actually appear so when observed through 
the telescope. Any one will admit that only in that case the almanac would 
be acceptable. In order that these things should be verifiable by observation, 
the calculation of the almanac must be absolutely accurate in two respects! 
Suppose, a man who was at Poona at a particular moment is proceeding to 
Bombay. If the rate of his speed is correctly known, as so many miles per 
hour, the time when he will be in Bombay can be correctly calculated and it 
will be verified by actual experience. Similarly, if the positions of planets 
at a particular moment and their motions be correctly known, the place where 
the planet would be found at a particular moment can be correctly predicted 
and it will prove to be accurate, irrespective of the initial point from where 
the distance of the planet is reckoned. Suppose that point Z in the above 
figure (Page 292) is at a, distance of 18° from V, point S x is at 22° and 
'point S at 90°. On a certain morning a planet was situated at V. It 
is moving towards S, arid is known to be moving at the rate of 1° per day. 
Then one can say that it will reach S 90 days after it was seen at V, 72 days 
after it reached Z, and 68 days after it reached S x and this will be found to 
be true. If V be taken to be the initial point and the time when the planet 
comes there, be regarded as the moment of the beginning of the year, then the 
planet will be said to have covered a distance of 90° in 90 days after the 
beginning of the year. Similarly, if Z be supposed to be the initial point it will 
be taken to have reached a position 72° away in 72 days after the beginning of 
the year, and if S x be the initial point, a distance of 68° in 68 days from the 
beginning of the year. In other words although its positions and the times 
of reaching them may appear to be different relatively, they are, as a matter of 
fact, always the same in regard to absolute time. Out of these points, V is the 
initial point for the sayana system, Z, that of Keropant's purely nirayana system 
and S, that of the traditional nirayana system. From this it is clear that so 
far as the accuracy of planetary positions is concerned, the almanac of any 
school can always stand the test of experience provided the astronomical 
works from which they are computed give correct planetary motions and 
accurate planetary positions for the chosen epoch. As the epochal positions 
and motions of planets in our works are not correct, our astronomers are 
prepared to correct the old works without altering the initial point of the 
ecliptic, and any sensible man will admit that rectification to that extent at 
least is absolutely necessary. 

The phenomena of eclipses, conjunctions of planets and the heliacal rising 
and setting of planets depend upon the distance between two celestial bodies. 
Hence, they can be correctly calculated if only their epochal positions and 
motions are correct, irrespective of the question what point has been adopted 
as the initial point. Many people think, as the author used to think before 
be understood the theoretical aspect of this subject, that Keropant's almanac 
ii correct because, it gives accurate moments of eclipses ; and this is being 
advanced as the main argument for accepting the almanac ( Introduction 
to the almanac). This is very facile for hoodwinking ignorant people. Com- 
pilers of the sayana almanac do not attach- much importance to such claims. 
la the introduction to the sayana pancahga for Saka 1807, it is remarked 
that at the nirayana system is unscientific and^the sSyana system is scientific,. 
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the sayana almanac should be accepted ; and if there is no means to calculate 
accurate positions of planets, a sayana almanac should be compiled at least 
with the help of the Grahalaghava. Another argument usually put forth 
is that the naksatras are correctly obtained by following Keropant's almanac ; 
but it is not wholly true. It is quite possible to ensure the correct positions 
of naksatras even by maintaining the initial point adopted by the present-day 
almanacs. This point will be again discussed later. The only thing which 
must be stressed here is that whatever initial point is adopted for stating the 
positions of planets, if correct motions of planets are known, the positions 
of planets obtained from them will be found to agree with observations ; 
and the accuracy of the motions and positions of planets which is the main 
point of difference between the old and new almanacs is universally recognised 
as the most essential feature of the required data. 

What is the Actual error in the Grahalaghava and other almanacs ? 

It is desirable to know the extent of the actual error occuring in the calcu- 
lation of tithis, planets etc., in the almanacs following Grahalaghava and other 
works. It shall be demonstrated here. Keropant's almanac and the five 
other modernized (accurate) nirayana almanacs, as also the sayana pancanga 
mentioned above are at present compiled from the English Nautical Almanac 
or from the French Conndissance des Temps (Knowledge of Time), But 
their initial points are different from one another or from that of the Graha- 
laghava. It will be found from the explanation already, given above with the 
help of a diagram (Page 292) that the actual extent of the error occurring 
in the Grahalaghava almanac cannot be estimated simply by comparing 
itwith other almanacs. A Grahalaghava almanac has been attached to the 
sayana almanac for Saka 1808 ; and it is accompanied by a third almanac 
which is a modernized (accurate) nirayana almanac ; it has been already 
seen by many. The portion for the bright half of Phalguna from the Graha- 
laghava and the modernized nirayana almanac has been given in Appendix 
at the end. The modernized or accurate nirayana almanac has adopted 
the same amount of ayanamsa as the Grahalaghava, (22°44' for Saka 1808). 
The Grahalaghava has adopted the length of the year laid down by the 
Surya-Siddhanta, If on this basis, 22°2' had been taken as the ayanamsa, 
the error occuring in the Grahalaghava almanac would have been exactly 
detected. However, the actual error can be found out almost exactly even 
from the almanacs given in the appendix. Both the almanacs are calculated 
for the meridian of Ujjayini and the time in ghatis and palas in both has been 
reckoned from the mean sunrise. 

This will ensure a correct comparison when tithis are compared. We find 
the duration of the 9th lunar day of the bright half of Phalguna, falling on 
Friday, as given by the Grahalaghava almanac, is shorter than that given by 
the modernized (accurate) almanac by I3gh-45pal ; and in the case of the 
dark half (which is not shown in the appendix), the sixth lunar day is longer 
by I3gh-59pal. In the Grahalaghava almanac, the duration of Mrga naksatra 
-on the 9th lunar day is shorter by l5gh-24 pal, and that of the Priti yoga as 
at the same time shorter by Ylgh-ThpaL The duration of the tithi, naksatra 
and yoga in ghatis does not generally err by more than this. The error reaches 
the maximum at about the 8th lunar day of the dark and bright halves ; and 
is minimum at about the full and new moons. The reason for this \s tha 
the correction for the equation of centre for the moon's place at the lunation 
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as found from our works is not very erroneous (pages 246 and 247 ). 
Midway between the lunations the error in the moon's longitude amounts 
some-times to about 2° and sometimes even 3°. This causes so much varia- 
tion in the ghatis showing }he duration of tithi, naksatra and yoga. Our 
works give about 2°10' as the maximum equation "of centre for the sun 
while the European tables give it as 1 °55' for the present time. On account 
of this, the sun's place is some- times found to be correct but sometimes 
in error by about 15 min. of arc. According to our astronomical works 
the minimum duration of the tithi is 54 ghatis and the maximum is 66 
ghatis. But according to the Nautical Almanac these measures are 50 and 66 
ghatis respectively. (This variation is due to the variation in Moon's place). 
This gives rise to a somewhat greater number of suppressed and duplicated 
tithis and naksatras in the almanacs calculated from the Nautical Almanac 
During the 12 months in Saka J 809, the Sayana Pancanga and the 
Keropant's Pancanga gave 16 suppressed tithis and 10 duplicated tithis, 
while the Grahalaghava Almanac gave 13 suppressed and 7 duplicated tithis! 
In the modernized nirayana almanac for Saka 1808, the suppressed naksatras 
number 10 and the dupli* cated ones number 13, while those in the 
Grahalaghava number 9 and 12 respectively ; the part of the Grahalaghava 
almanac for the bright half of Phalguna' reproduced here shows that the 
error ir the position of Mars is IT, that of Jupiter 3°26', of Venus 
1°6', of Saturn 2°40' and of moon's north Node (Rahu) 41'. The error 
does not generally^ exceed these values. Mercury's place in the dark half 
is wrong by 3°31\ The error is sometimes found to be as much as 9°. 
The main reason for this divergence is the difference in the values of mean 
places according to the two systems. Similarly, it is partly due to the 
difference between the values of the equations of centre and the annual 
parallax. We have already discussed the question relating to the difference 
between the equations of centre (page 244). 

Certain phenomena such as planetary conjunctions and the heliacal rising 
and setting of planets whereby the difference between the Sayana almanac and 
the Grahalaghava almanac, can be easily reajized by an observation of the sky, 
have been given in the column headed $ASTRARTHA (scriptural speciality, 
Phenomena etc), in the fortnightly portion of the almanac given in the appendix. 
A list of such phenomena for the whole year is given in tite Sayana almanac. 
Many people have verified that the calculation of these phenomena as given 
in the Sayana almanac is correct while that in the Grahalaghava almanac 
proves to be wrong. Such a list for Saka 1808 has been given in appendix. 
It has been verified by experience. The Grahalaghava almanac for Saka 
1806 had not shown any lunar eclipse in Caitra, while the sayana and other 
modernized nirayana almanacs like that of Keropant had shown a lunar eclipse 
as "grastodaya" (i.e. moon eclipsed^ at the time of rising). Again according 
to the Grahalaghava almanac for Saka 1814, the lunar eclipse occurring in 
VaMkha was to end before sunrise ; while the sayana and other modernized 
almanacs had shown the moon as setting in an eclipsed condition. On both 
these occasions, the phenomena as given by the sayana and other modernized 
almanacs were confirmed by observation. Whatever applies to the Grahala- 
ghava almanacs regarding visual proof or observation, applies with equal 
force to almanacs compiled on the basis of Makaranda and other works in 
other provinces. In short, the almanacs in current use all over our country 
do not appear to be correct in the light of observation of heavens. The motions 
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and positions of planets used by them must, therefore, be rectified. In other 
words, correct works must first be compiled in order to prepare the ground 
for correct almanacs. The history of astronomy which is given at the beginning 
of this part will show in various instances that our tradition favours the idea 
of applying corrections to older works while compiling new ones, the object 
being to ensure the agreement of calculated figures with the observed facts. The 
same process must be adopted to-day. This suggestion is acceptable to all, 
including even the orthodox astronomers. 

Acceptability of the say ana and nirayana systems 

Let us now consider the second point of difference between the old and new 
almanacs, viz. the length of the year and the corresponding variation in the 
ayanamsa figures. When this point is to be cosidered the sayana almanac 
stands on one side and all other nirayana almanacs, including the orthodox 
ones and the new ones like that of Keropant, stand on the other. So the ques- 
tion to be considered is which of the two systems is acceptable-Sayana or 
Nirayana ? The question will have to be considered in it's FOUR 
ASPECTS : logical, historical, religious and practical. 

Preamble 

In the beginning, one or two facts must benoted for the proper understanding 
of the subject. The day on which the 'day' and the 'night' are of equal length 
is called the equinoctial day. On the days when the sun comes to either of the 
equinoctial points, it would transit the points *V and *A* in the diagram 
( page 292 ) and the equinoxes will then occur, and when it moves 
away from the equinoxes to a distance of three signs, it reaches *N* and 'S' 
and brings about the 'solstices'. All the four points have the same rate of 
displacement as the precession of the equinox. Hence, the equinoctical and 
solstitial positions and the lengths of day and night depend upor the sayana 
place of the sun. The sun moves in the northern hemisphere from his position 
at the vernal equinox to that of the autumnal equinox ; and it is in that very 
period that in our country the length of the day is greater than 30 ghatis, and 
the following seasons occur : part of Spring, Summer, the Rains and part of 
Autumn. Apart from the fact that the beginning and end of these seasons 
vary a little in the case of particular places due to special reasons, the above 
fact holds good as a general rule. Hence, even the seasons depend upon the 
sayana position of the sun. In our country, we have the spring season when 
the sun comes to the vernal equinox and the rainy season has just set in, when 
the sun reaches the summer solstice irrespective of the stellar naksatra to 
which the sun may come. Modern astronomy has discovered that the equinox 
makes a complete revolution through the steller zodiac. The nirayana Asvini 
naksatra division and the Mesa sign began from the equinox about Saka 444. 
According to the formula, that lunar month is to be termed Caitra in which the 
sun transits the first point of Mesa. The first point of the current nirayana 
system is 22° and that of the Keropant's system 18° to the east of the equinox. 
As time passes, it is bound to move three signs away from the equinox, i.e., 
if will coincide with the summer solstitial point. When it shall have shifted 
so far, the sun's ingress into that point will no doubt coincide with the rainy 
season ; and as the sun would then be reaching the initial point of the Nirayana 
Zodiac, it would be the moment of Aries ingress and by formula, the month of 
Caitra. It is an indisputable fact that in course of time, the nirayana Caitra 
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th2J £? i n - he rainy i eas ,° n - Jt is now - a " da y s a fact of actual observation 
that the equinoxes and solstices occur 22 days, corresponding to the 22° of 

S^hSE 8 !* * G u i C * un u enters the nirayana Mesa, Karka, Tula or Makara 
and this fact has already been mentioned in the Siddhanta works. Bhaskara- 
carya, in the chapter on true positions in the Sid. Siromani, says, 

TTO^^Wft Sq-?f || Y* || 

♦t. ^^ J??* the , °^ !s ( alma nac-makers) whose study does not go beyond 
the Grahalaghava, do not understand this. Even among other people there 
are very lew who understand this. In this province almanacs based on Graha- 
lagnavamention the winter and summer solstices as occurring on the days of 
the sun s entry into the (nirayana) signs of Capricorn and Cancer, and not 
«1, y ^ 6a u' , ast °n is hing it is that even the Keropant's almanac 
now-a-days shows the solstices against the days of the sun's ingress into the 
nirayana-Capricorn and Cancer of that almanac, that is, 18 days later than 
the day they are actually seen to occur in the heavens. It is not less astonishing 
to note also that BapQdeva omits the ayanas (Solstices) altogether. The 
camdu almanac gives the correct days of the 'ayanas', a matter which puts 
other compilers to shame. It mentions even the entry* of the sun into all 
me 12 sayana signs. The Siddhantic almanacs of the Madras side show all 
the sayana-samkrantis (solar Jngresses) by terms like "Mesayanam, Vrsaya- 
nam , etc. An almanac for Saka 1758 in manuscript form and compiled all 
«ijapur has come to the notice, whereir all the 12 sayana solar ingresses have 
been denoted as Mesayana etc. 

The Sayana System 

The system adopted by the compilers of the say ana-almanac (Lele, Modak 
and the author) is as follows :— 

The year adopted is tropical. The first naksatra division reckoned from 
me equinox is termeo Asvini, and the first sign so reckoned is Mesa, irrespective 
or any star occupying the part ; following the same principle the solar ingresses 

fn«»r .? - m the sun ' s entry into the sa y ana (tropical) signs, and the 

lunar months receive their names on the basis of these ingresses. Thus the 
lunar month in which the sun enters the sayana sign of Mesa, which is the 
same thing as the sun's coming to the vernal equinox, is' to be called Caitra 
ana so on. By this system, the spring season will always be found to occur in 
v^aitra, the rain will be starting on the Ardra naksatra, and consequently all 
me seasons will continue to occur regularly in the months assigned to them. 

Logical Aspect 

. Let us first consider the question of the acceptabiity of the sayana and 
nirayana systems from the logical point of view. Just as the sunrise is the 
natural means for measuring the day, the fullness or invisibility of the moon for 
measuring the month, so the cyc le of seasons is the natural means for measruing 

iii e rnJifin U n?™ r S Sacopj L of C ?^ Q almanac for £aka 1806. It has indicated solar 
ingrosses in nirayana signs by such words as 'Arka in Me?a, Arka, in Vrsa, etc. and those 
S?Jf £ *£T ^ wor ds "Bhanu in M«sa, Bhanu in Vr ? a" and so on? using two synet 
nyms for the Sun (Arka and Bhanu) for the sate of distinction. 
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the year. The seasons arc caused by the Sun. If the seasons had not been occur- 
ring, the year as a unit of time would not have come into existence. Hence, 
the year must be reckoned by a solar measure, and because, the seasons follow 
the sayana positions of the sun, the year must be reckoned on the tropical basis. 
Moreover, the seasons do not complete their cycle during the period of twelve 
lunar months, and hence, an intercalary month has to be inserted. If the 
intercalary month is not inserted, then all the seasons will be found to occur 
successively in Caitra, during a peiod of 33 years, just as the Muslim month 
of Muharram moves through all the seasons during 33 years. Hence, the 
object of inserting an intercalary month is nothing else but to see that a 
particular season should always occur in a particular month ; and because the 
seasons depend upon the sayana positions of the sun the adoption of the system 
of intercalary months virtually means the acceptance of the sayana system in 
principle. Just as, if the intercalary month is not inserted, all the seasons will 
be successively occuring in any one of months, they will successively occur in 
the same month during a period of 26000 years if the sidereal year is adopted. 
For instance, if the Spring season occurs at a certain time in. Caitra, Summer 
would begin to occur in that month after 4.25 thousand years, the rainy season 
after 8.5 thousand years and winter after 17 thousand years. If we insert sn 
inercalary month to prevent the dissociation of seasons from the months 
assigned to them we must accept the sayana system to forestall the irregularity 
which is bound to occur undoubtedly, even if it does so after the lapse of many 
many years. 

Historical Aspect 

These two facts ought to suffice as proofs of the acceptability of the sayana 
system. Let us, however, see what tradition has to say in the matter. The 
tropical year is a natural one. Hence, ever since man began to use 'year' as 
the time-unit after the creation of the world, the tropical System must have 
come into vogue ; and it has been explained in detail in the Conclusion of 
Part I that it actually did come thus into vogue and was prevalent during most 
of the Vedic period ( page 141 of Parti). In the beginning they must 
have been reckoning the year from the cycle of seasons by inserting an inter- 
calary month, before the terms Madhu, Madhava etc. became current, which 
means that the sayana system itself was in use in somewhat crude form. Later 
on when the terms Madhu, Madhava etc. came into use, the measure of the 
'sayana' year may have become fairly accurate. This measure later on con* 
tinued for centuries till the names Caitra, Vaisakha etc. became current. The 
foundation of the nirayana system was laid about 2000 B.C. when the terms 
Caitra, Vaisakha etc. were introduced, (page 132 & 140 of Part I). According to 
Vedanga Jyotisa the year began at the beginning of the Dhanisthas. This 
is a nirayana measure. But it mentions at the same time that the year began 
with the winter solstice. Now, while the stars in the vicinity of the sun are not 
visible, even an ignorant person can more easily tell when the winter solstice 
occurs rather than when the Sun reaches the beginning point of the Dhanisthas. 
This shows that in actual practice they must have been starting the year at the 
beginning of the Ay ana (Solstice) itself. The system prevalent in the Vedanga 
Jyotisa period was very erroneous, as has already been pointed out before 
(page 93 of Part I). Hence, it seems more probable that the system must have 
been kept in working order by inserting 35 instead of 38 intercalary months; 
during 95 years and by beginning the year at the time of winter solstice. This 
means that the tropical year enjoyed the vogue for all practical purposes. 
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Most of the works compiled in the Vedahga period mention the year as begi- 
nning with the Spring. So then during the Vedanga period the sayana year 
was accepted for practical purposes or at any rate it was intended to be s© 

accepted. 

Let us now cosider the system in use during the Jyotisa siddhanta period/ 
The Surya Siddhanta contains the following lines : — 

'(7) On the hub of the wheel of naksatras are situated pairs of equinoctial 
and solstitial points, placed regularly. These are the four main (famous) 
transits of the sun. 

(8) In the interval of each pair are situated pairs of two samkrantis known 
as VJsnupadis. 

(9) The period of six months known as Uttarayana begins from the moment 
of the sun's transit into the sign of Makara (Capricorn) ; similarly, the period 
of six months known as Daksinayana begins from the sun's transit into Cancer". 

Chapter on measurements. 

Here the words Cancer and Capricorn's ingress must be taken to be 'sayana' 
since, otherwise, the words "Winter solstice occurs at the sun's entry into Capri- 
corn" would carry no sense. Now one might argue that these are the views 
expressed at a time when the shifting of the ayana points was not known. 
Even accepting this as correct, the above verses suggest that two 'ayanas' 
make a year. This assertion and the next verse given below shows that the 
sayana system itself was acceptable to the Surya Siddhanta. The verse runs 
thus : — 

fgrrfw«TT ^a^aatfa faftm^: ^ncrit sRjjra *rrcnsa^r erarc: n ?o n 

Meaning :— "The winter (Sisira) and other seasons are formed by 
.groups of two months, each beginning from it (i.e. Capricorn). These are 
the twelve months beginning from Mesa. They make a year". 

This defines the year as a cycle of season comprising 12 months. Thus the 
Sayana system was acceptable to the Surya Siddhanta in principle. Again, it has 
been shown in detail in our review of Brahmagupta's work (pages 83 to 85) that 
Brahmagupta held that the solar year commenced on the equinoctial day 
which obviously means that he preferred the tropical year. Further more', 
the length of the year adopted by our astronomical works is greater than that 
of the true sidereal year by about 8 pals. Hence, it cannot be said that the 
year must be necessarily sidereal. As the star with which the Sun is conjoined 
is not visible, it would be easier to determine the length of the tropical year 
than that of the sidereal year ; and it is more probable that, just as Brahma- 
gupta determined the length of the year from the Sun's conjunction with the 
equinox, the earlier astronomers also may have determtned it in the same way ; 
in other words, it seems to have been their object to accept the 
sayana year measure in principle. Hence, although the ultimate result 
amounted to the adoption of the sidereal year or something very akin to such 
adoption owing to the fact that the terms Caitra, Vaisakha etc. became current 
during the time between the end of the Vedic period ana the time when the 
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shifting of equinoxes became known, and that the adopted year measure was 
nearer to the sidereal than to the tropical year, th re is no doubt the object 
of the ancients was definitely to adopt the tropical year. Ana it was but 
natural to have such an object in view, for no one would like to see rainy 
season occurring in Caitra. 

Our people came to krow about the correct rate of the shifting of the 
solstitial points in the 7th century of the Saka era (page 220). Eminent 
astronomers like Bhaskaiacarya lived uuring the period that followed and 
it is true that they did not abandon the nirayana system even though they 
could have known the effects of adopting it. It appears that they could not 
venture to adopt the sayana system, because they feared that the rejec-ion of 
the traditional nirayana system would cause a confusion in every day affairs 
by disturbing the system which was in use continuously. The reasons in 
those oays also did not show any appreciable variation, while they have 
actually mentioned when the solstices and equinoxes really occur. Again* 
most of them thought that the equinox does not make a complete revolution but 
an oscillatory motion. They appear to have failed to adopt the sayana 
system for this reason also. 

The stuuents of European astronomy have now come to know that the 
equinox makes a complete revolution. Let us therefore, consider the views 
of the present astronomers. Of the two well known astronomers who lived in 
this period, Bapudeva and Kero Lakshman Chhatre, the views of Bapudeva 
have already been cited above (page 386). He has stated that although 
the sayana system was the supreme system, he had compiled the almanac by 
the nirayana system because it was in use all over the country. In addition 
to this he also expressed the view that astronomers living seven or eight cen- 
turies later would devote due consideration to* the question. Let us now 
see what Keropanf s views are. A controversy over this question took place 
in 1883 A.D. between Keropant and the followers of the sayana system through 
the Arunodaya newspaper of Thana. He writes in the issue of the Arunodaya 
dated the 4th November, 1883, "As regards my own opinion, the most reason- 
able method cf mesuring the motions of moving bodies to compare 
their positions with those of stationary objects ; to compare them with other 
moving bodies is not right. The sun,* moon, planets, equinox etc. all have 
motion. In oraer to determine their positions, they must be compared with 
the stars as they are fixed. But in order to ensure an easy process or in special 
cases where there is some difficulty, this method is to be discarded and the 
motions of other moving objects are to be determined with respect to objects 

which are also moving. For example, although the stars are fixed 

we have to take an imaginary Sun moving at the mean rate of motion in order 
to determine the beginning of the Gay. From this point of view, as the seasons, 
depend upon the moving equioxes, I am myself of opinion that it is desirable 
to begin the year with respect to equinox. Still, the prevailing tendency is 
not to practise anything if it is contrary to convention even though it is pure 
or rational. Has anyone ever considered which of these systems is wrong, 
which is easy and which is complicated, or which is scientific and which is 
unscientific ? We follow the system which suits the occasion." In this 
statement of Keropant, most note-worthy thing is his admission that although 
the seasons depend upon the equinoxes, that is on the sayana position of the 
sun, the fear of breach of convention stands in the way of adopting the tropical 
year. 
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In 1893 A,D.» an article on the question of the sayana-niraya^a system 
lad appeared in two issues of the Kesari of Poona. A part of it is quoted 
here. Prof Tilak, the editor of the Kesari wrote, "Seasons depend upon 

the position of the equinoctional points It must be the month 

of Caitra, if the spring season commences when the sun is in Asvini 

After 2000 years (Spring) will begin on the first Junar uay of bright half of ~ 

Phalguna After 4000 years it will begin from the first lunar day of 

the bright half of Magha.V ...."It is evident from calculation, that 

if the present nirayana system be allowed to continue, the rains will set in Caitra 
as time passes on. There is absolutely no doubt about it The quotations 
have been given from the writings of mathematicians like Keropant and Tilak 
in order to convince even those who have either no leisure to enter into intri- 
cacies of calculations or who are not well grounded in mathematics. 

Keropant and Tilak hold the view that the present nirayana system should 
be allowed to Continue in a modified form. Hence, their admission about 
the validity of the claims made by the compilers of the sayana almanacs, in 
respect of seasons particularly, carries weight, 

Keropant and Tilak Jiave Suggested a way for maintaining the nirayana 
system ; but it is not acceptable. More about it will be given later. 

Ardrd, the first Naksatra of the Rainy Season 

Some people think that the beginning of the rains has been permanently 
linked with the sun in Mrga naksatra ; they do not understand how they wil 
^ver begin with the sun in Asvini. But 1400 years ago, Mrga was not at all 
. the naksatra indicating the advent of the rains. Our astronomical works 
have mentioned Ardra as the first naksatra indicating the advent of the rains. 
The almanacs give a forecast for the whole year, which includes a forecast of the 
rains based on the moment of the sun's entry into Ardra naksatra division ; 
not only this, but the ruler of the day of the week on which the sun enters the 
Ardra division is regarded as the lord of the clouds. This- shows that formerly 
Ardra was thefirst naksatra of the rainy season and Mrga took its place later ; 
similarly the beginning of the rains will gradually take place retrogressively 
Avith the sun in Rohhii, Krttika and ultimately, after some years, in Asvini, 
thait is in Caitra. This confusion will not arise if naksatra divisions are made 
on the sayana basis. 

Dates for Mrga Naksatra 

Some people think that the sun's entry into Mrga takes place on June 5, 
that this rule will never be falsified and that the rains also will not fail to come 
on the right day. But as the Christian year is tropical, the sun's entry into a 
nirayaiia nak§atra division will not take place on the same date perpetually, 
Before Saka 1707, the sun's entry into Mrga used to take place on the 4th or 
5th of June. Later on it began to occur on the 5th or 6th. From Saka 1819 
ohwards it will cease to occur on the 5th and will take place either on the 6th 
or 7th of June. In short, tradition is favourable to the acceptance of the 
sayana system. 

Religious Aspect 

The religious point of view has been considered at some length in the course 
of the above discussion and even before* Let us now consider it in somewhat 
greater detail. Quotations from Vedic Literature, like — 

^Madhusca Madhavasea Vajsantikavrtti" Tai. Sam, 4-4-11. 

which hiention the names of months relating to all the six seasons, have 
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been already given (page 18 of Part I). Accordingly the spring season must . 
1* found in the months of Madhu and Midhava for all time. 

The compiler of the sutra enjoins the preparation of the "sthalipaka" 
for the full moon day of Asvina. It is well known that it requires newly 
harvested corn. 

jjffarr^l srr wt^»f ^h*rt u t it #f*m*rr ^fr ti ^ n 
• -^ q*m®n^ n i h 

"The rite known as Pratyavarohana, is to be performed in Margasirsa, on 

the 14th lunar day or on the fuU moon day. and the season of 

Hemanta should be remembered." 

This rite of Pratyavarohana in Margasirsa-is to be performed in honour of 
the Hemanta deity. This suggests that season of Hemanta should come in 
l&argasirsa. 

3r«ncfr«JTpft'TT^? j r it t ft ^"Nta* sn^rf* *R<»fcr *xwm n ^ n 

In this it has been ordained that the rite of Upakarma should be performed 

in Jkavana when fresh herbs grow in abundance. This obviously means that 

there must be rainy season in Sravana. Many such quotations from different 

rj&tr&works could be given which indicate that a particular season must be 

current in a particular month. 

Now I quote a few lines from Pura^as and other works mentioning the .rites . 
that are to be performed in particular months and particular seasons. 

"Those who drink the juice of eight flowers of Asoka tree in the Punarvasu 
uaksatra, in the month of Caitra on the 8th lunar day, will not come to sorrow. 

The mantra to be chanted :— "Oh blessed Asoka tree, who is created in 
the month of Madhu". ^ 

• Herein has been mentioned the chewing in Caitra of the 'Asoka Kalika 
Which grows in Spring. 

<ra%, sm^ntf ^ ^^ ^ ^ ^^ n ^R^^^naraT^ w it ? it 

"A water tap should be offered on an auspicious day recommended 
by a Brahmana when the month of Phalguna is elapsed and rejoicings begin. 
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Again arrangement to distribute cold water should be made in Vaisakha 
th, wf te?r>ots should be hung over idols for water to trickle over them and the. 
£^ l «ti3SM^be 8 gi W to Brahmanas -.-Shoes, fans, umbrellas, 
fine garmerts, sandalwood, water vessels, bowers etc. 

This indicates that the hot season should always be found in Caitra and. 
Vaisakha. ^ ^ • 

"The great annual worship which is performed in autumn, in the month of 
Asvina, after cloudy season has passed." 

This shows that the season of Sarat should always be found in Asvina. 

It shows that the sun's ingress intc >Mesa and Tula ff^ccuronthe equino- 
ofioi dav* and that the ingress nto Makara on the day of the winter solstice,, 
and these an fnofpossibfe without taking Hi; ingress on the sayana basis. 

The above quotations from Srutis, Smrtis, and Puranas show that spring 
™.,1 X? seasons must always occur in Madhu and other months i.e. m Caitra 
S^I^^ttoWpoMWe unless we accept the sayana system. 

Ttj the face of the above quotations it is not necessary to give further quota- 
tion^o^stronomical works or any other astronomical quotations in support 
of our intention. But works on Dharmasastra give even such quotations to 

jiSS^^rirW^t and hence some ° f them ^ glVen bd ° W - 

That day has been regarded as very sacred by sages, on which, the longitude 
of the sun/after the ayanamsa correction is apphed to.it, becomes zero. 
' This emphasises the sanctity of the equinoctial day. 

"The sun after receiving the correction of ayanamsa, always moves on the 
(celestial) dobe The 'raslsamkranti' is to be regarded as secondary. The 
nerformanfe of rites on both the occasions is said to be the same. But a person 
SSfaStaSSS stock of 'merit' if he performs the foUowmg rites on the 
'ch^rnoving) samkranti' :-bath charity, penance, sraddha, vrata, homa 
/sacrifice) etc.— Pulastya." 

~~ ^Most of the quotations have been taken from Piyu§adhara, a commentary on MuhV. 
intamani (Saka 1525). 
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-uiS^Ute 't^manfon tit "li " thereaI »«**«'• while the rasi 

Some of the above quotations show that <ra,i „ /^^ %T ^^* 
mto nirayana «tf& mus t be rejected I and oLth'f^'^ or in S resses 
are worth accepting. Some of them sLte & ^* mt °, the tro P ica! %>s 
as compared with the Sfiyana sLntonti A^ ^^mkrdntis are inferior 
of the above quotations* are simply Iaudaton T 'i S ° me authors > S0J ^ 
of the equinoctial and solstitia Idav* h,, w } As ' howev er, the sanctity 
and many other works, the coolers of t I reco § niz ed by the Puninas 
not discard them even tho^Soc^r e^?h? n ^ Dharaa ^a couid 
Anes-Libra and Cancer-Capricorn T2 ■ ', nirayana samkrantis into 
related to nirayafla^aiiaS^ had to '.S^ descnbi P8 f he ho{ y P^iods 
good in regard to ayanas" and ome con^i'i.f "T ai±S T The same hold * 
who had no knowledge of asta>nomv ^ '^ ° f W( ? r ?2 0n the D haramsastra 
as "Mesayana, Vr^avLa" S ™? *' ^ mia S lne<i 12 ayanas to be known 
It has been &Z«£2*^S?yW *$*$ , and other Sa^nS 
almanacs give the tropical ingresse in ikJ! } ^ £Ven some nira y a ^ 
compilers of almanacs on our Bo h° p y m Some other words > the 

the public oi^Uh^^J^ 7 '^^^^^^^ not grant 

experts* in these parts however Lfi.f, favour " The Dharmasfistra 
•^thsimdclmritabnLi^^^?^ know ^ such r ^es, as holy 
of tropical ingresses. Th^^sraJdha^ lltlT^^^ even for the occasioa 
and to be performed dutL^^^^J ! ^^ >Wava« sraddhas, 
samkrantis and these are orfly 12and not 24 a *""%**? f ° r V* occasio » 3 <* 
of some kind ought to be admissive Lth,? dmgly - ° nly 12 sa ^antis. 
In short tiw. c- 1 damisslble tor other religious rites as well. 

'jo- ^ time for religious observe- 

therefore, be acccepted for e^y use ^ "* PUra ° aS ' and * should * 

Doubts Resolved 

i^tt te 4^ fyana system, befor. 

not always found near the eaumox Thf .5 • the - yStem> The same ^ «• 
to the visible stars ; and when ?he KoLTT* ■* r6Ceding with «»P«* 
happen to come in thepiaceo? tto JSuSS ^l* *****"* s ^ will. 
was conjoined with the vernal equinox \f ?£ „ ° m ? years , ago the star R evatt 
near the. star Uttara Bted^ P 7dT A f& tt ^f^^ £ quinox occ » rs 

S?2?- had admitted ^^ SS£s ' ^hrr^nt„ Dh s^ 
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way when the equinox would come in the Purva Bhadrapada, that nak§atra 
division will have to be called 'Asvini' while PhalgunI will have to be calJed 
the 'sayana citra' and this terminology has been adopted even now by the 
sayana almanacs. If one refers to the conjunctions of the moon with the 
stars given in these almanacs, one would find that when the moon is conjoined 
with the star Uttara-PhalgunI, the diurnal naksatra (i.e. the naksatra division 
occupied by the moon) is shown to be Citra. Thus a planet will have to be 
taken to be occupying one naksatra when it is actually conjoined with quite 
xi different star. 

^SAYANA SYSTEM DISPLACES STARS 
In this way the stellar (visible) naksatras will be dissociated from the 
naksatra divisions of the same name. The name Mrgasirsa, Hasta etc. show 
that the naksatra divisions originally derived their names from the stars and 
not on the principle that a certain region was to be known as a certain 
naksatra regardless of the star in that region. It has also been mentioned in 
Part one (page 48) that some of the names of naksatras found in the Vedas 
are in the singular number, some in dual and some others in plural. From 
.this it is clear that the naksatra names were originally suggested by the stars. 
In the same way the names, Caitra, Vaisakha etc. were originally determined 
from those of stellar naksatras. 

Caitra and Other Name will not be Justified 
But if the sayana system be adopted the equinox would be in Purva 
Bhadrapada ; and when the sun is situated near the stars of Purva Bhadra- 
pada, the (solar) naksatra would receive the name "Sayana Asvini" and when 
the Moon becomes full near the star 'Purva PhalgunI, which is 13| nak§atra 
divisions away from it, the lunar month would be called Caitra, because the 
<Moon's) nak$atra would receive the name 'sayana Citra' and because the 
solar ingress into sayana Mesa would take place in that lunar month. Thus, 
though the month should have properly been called Phalguna because of the 
full moon's proximity to the Purva PhalgunI star, it will have to be called 
Caitra. Thus, considered from the purely sidereal (nirayana) point of view 
-even the months receive wrong names in the sayana system. 

If the sayana system be accepted the seasons wiH be found to be in their 
proper place. For instance, Spring will always occur in Caitra and Vaisakha 
but the stellar naksatras will go wrong. Any star which happens to be near 
the equinox will have to be called* 'Asvini' despite the star that may be there, 
and though the names Caitra, Vaisakha etc. were originally associative, they 
will have to be regarded as merely technical and conventional and the (Lunar) 
months Phalguna, Magha etc. which at present receive these names because 
of their association with stars, will gradually come to be called Caitra. It 
the names Madhn, Madhava etc. suggesting seasons be revive and the terms 
Caitra, Vaisakha etc. be aiscarded, then only will this verbal solecism dis- 
appear. But then would be Caitra and other names have become so deep- 
rooted that it would be difficult to eliminate them. It is also true that the 
naksatras do not have a set of alternative names suggesting seasons just a* 
the months have Madhu and other names. The terms Mesa Vrsabha etc. 
were divisional from the very beginning. Even if they be not so, they have been 
used in our astronomical works in the sense of divisions at least for the last 
2000 years. There can be no harm if they are applied to the saya na signs also^ 

♦The maximum distance between Sayana and Niryana naksatras will be |3i 
n*k$atra divisions. Hence, the Chaitra nafoatra division will be called Asvini wtiea im 
•equinox reaches that star after 12000 years. 
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Seasons Displaced by Nivayatia System 
Now if the nirayana system be adopted, the seasons will be displaced. 
Spring, summer and other seasons will gradually begin to occur in Caitra 
and the month of Caitra, even though it will witness the advent of rains, will 
have to be called Madhu. Not only that, but the rainy season will present 
a difficulty in the performance of religious ceremonies, like thread ceremony, 
marriage etc. which are to be performed in Magha, Phalguna, Caitra, VaiSakha 
and Jyaistha ; and although from the point of view of seasons, Asadha and 
other months will be favourable for them, their performance will still be diffi- 
cult as our Dharmasastra prohibits them during these months. 

Where, then, is the way out ? One is simply non-plussed if an attempt 
is made to find out a solution by which both the seasons and naksatras would 
be correctly represented. If it is a fact that the equinox makes a complete 
revolution, it is obviously impossible to find an adjustment for both. Hence 
it is necessary to effect some sort of compromise. We must first decide what 
we can afford to abandon : the seasons or the stellar naksatras— and then 
abandon it. There can be no other alternative. So let us see what we can 
afford to lose. 

NAKSATRAS DISPLACED EVEN IN NIRAYANA SYSTEM 

Even to-day we are leaving the stellar naksatras. They are not all situated 

at equal distances. Hence, even the nirayana almanacs have been required 

to divide the ecliptic into 27 equal parts and call them naksatras. Some of 

the 27 divisions include the junction star of two naksatras, while there are 

others which include none. A table has been given on page 308/309, to make 

this point clear by figures. The table shows the extent of each divisional 

naksatra, accurate nirayana longitudes of the junction stars of naksatras, 

that is, their actual distances* from the junction star of Revati and the polar 

longitudes of the naksatras (stars) according to the Grahalaghava. It has 

already been mentioned before that the initial point of our siddhanta works 

is movable. The initial point, according to the Surya-Siddhanta, was situated 

at a distance of 21° 27' 9.8* to the east of the equinox m Saka 1772. The 

distances of the Junction stars from this point in that year have also been 

given in the table and it is also shown which junctions of naksatras are not 

situated in their respective divisions, but in advance of or behind them. 

It would be clear from that, even according to Keropant's accurate measures 
or the genuine nirayana system, 9 stars out of 27 are situated in advance ot 
their divisions and 2 are behind, which means that 11 naksatras are occupying 
wrong places. When the diurnal naksatra is Asvini, the moon is not actually 
conjoined with any star, and when it is Citra-, she is conjoined with three 
stars, Hasta, Citra and Svati. Now it is true that if the true nirayana year 
measure and the true precessional motion be taken, this error^will always oe 
the same and will never exceed. Even then if the adoption oi most accurate 
and correct nirayana system results in the displacement of 11 naksatras out ot 
27, of what avail is" such a nirayana system- ? The longitudes of naksatras as 
given by the Grahalaghava are not true for the present time. Even it they are 
supposed to be correct, it is seen t hat six naksatras (stars) are wrongly placed. 

~~ * Keropant's Planetary Tables contlin on pp. 324/325 the tropical longitudes of Junction 
stars for Saka 1772. These distances have been obtained by subtracting the lo"f tude °* 
Revati from them. Keropant has given 17°46' as the longitude of Revati. But accurate 
calculation shows that in Saka 1772 it was 17M6' 44".. It has therefore, been taken 
as 17° 47'. Similarly the longitudes of Asvini, Jyestha, P. Asadha Sravana, and Dhan,?- 
tha, are wrong as given by Keropant. Those have been corrected before use for the table 
below. As for the junction stars the same stars have been adopted as in Keropant s. 
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It has been proved (page 219) before that the initial point obtained from 
our works moves in advance of the junction star of Revati by 8^ seconds. 
The above table will show that the junction stars of seven divisions out of 
27 divisions, made from the initial point of the modern Surya-Siddhanta, 
are found behind their respective divisions ; hence, when the 'diurnal naksatra* 
is Mfga, the moon is actually conjoined with two stars, Mrga and Ardra. 
The same thing happens in the case of seven naksatras. After 5000 years 
more, all stars except that of Utiara Bhadrapada will fall behind their own 
divisions ; and then one will see the conjunction of the moon with Bharanl 
when the diurnal nak§atra would be AsvinL Similar will be the case with 
26 naksatras. The same thing will happen in the case of even Uttara Bh&dra- 
pada after 7400 years. In short, even the prevalent nirayana system will 
cause disorganisation of naksatras like that caused by the sayana system 






If the term 'conjunction* be defined as the "phenomenon in which the 
longitudes of two celestial bodies are equal", then it would be the case of a 
conjunction in longitude. *If it be defined as the position in which the right 
ascensions (RA.) of two celestial bodies are equal, then it wiJl be the case of 
a conjunction m R.A. The sayana almanac gives conjunctions in right ascen- 
sions. Even the nirayana almanac gives conjunctions in right ascension. 
That almanac has been compiled from the Nautical Almanac after adopting 
the ayana^sas according to the Grahalaghava. It shows the moon's con- 
junctions in R.A. with the following eight stars occurring before she enters 
the 'diurnal divisional naksatras* of those names :— Ardra, Aslesa, Jyestha^ 
Mula, P. A§adha, U. Asadha, Sravana and Dhanistha. Similarly, if these 
conjunctions of the moon with stars be compared with those given in 
Keropant's almanac it will be seen that according to Keropant's almanac, the 
moon and also every planet is conjoined with the stars U. Asadha Sravana and 
Dhanistha before its entry into the corresponding diurnal naksatra division, 
while in the case of Punarvasu, Pusya, P. Phalguni and $atataraka the same 
phenomenon occurs after its entry into the daily naksatra divisions. In 
short, one may adopt an* accurate measure for the nirayana system, but 
this dissociation of the stars from their naksatras is bound to persist. 



Caitradi Terms not Associative 

* 
Let us now consider the case of months. It is true that if the system en 
sayana months be adopted, the definition* that the month in which the rrcen 
becomes full near the star Citra is to be named Caitra, will not be found to 
be invalidated. But what is the actual condition these days ? At least a 
period equal to the antiquity of the Vedanga Jyotisa viz. about 33CO years 
has elapsed, since the system of naming the lunar month according to the 
oroximity of the full moon to same star, was discarded. It is not knows 
how long before that it had gone out of use. It is a fact that the terms Caitra, 
Vai£akha, etc. originated in accordance to that rule ; but when it was noticed 
that the moon does not necessarily become full near the star Citra in Caitra, 
two or sometimes even three stars were allotted in the case of certain months. 
But as the junction stars are not situated at equal distances, the system of 

* On the full moon day in the irxnth of sayana Caitia, the rrccn vill be definitely fctxad 
to be in the (divisional) sayana Citra or in the naksatra, before or in advance of it. 
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divisional nakjainis had to be adopted. The Vtoaiga Jyoii§a thows a 
system of accurate divisional naksatra system. The system of accurate 
divisional naksatras came into use from the period in which the present sid- 
dhanta works on astronomy were compiled and the definition "vfe., that lunar 
month in which the sun enters Mesa is called Caitra"came into existence and 
is now followed . * 

The table on page 312** gives the naksatras in which the moon berate full 
during the 4 years from Saka 1804 onwards and in Saka 1810 in the Keropant's 
almanac. 

This will show that anyone out of three naksatras was occupied by the 
moon on each full moon day ; and a still more striking case is presented by 
ASvini and Magha in 1804. since in these months the naksatras en the fuls 
moon days were Uttara Bhadrapada and Pusya respectively. If month 
are to be named after the naksatras those months ought to have been called 
Bhadrapada and Pausa respectively ; and because on the full moon day in the 
Asadha of Saka 1810, the diurnal naksatra was Sravana, the month should 
have been called Sravana. The same plight occurs in the case of the Graha- 
laghava almanacs. In short, if the principle of naming months after naksatras 
were to be followed, a good many (month) names would go wrong, no matter 
what accurate nirayana system, we adopt. Hence the astronomers had no 
other course but to discard the system of naming the months accroding to the 
naksatra in which the moon became full. 

According to the opinion of astronomers, the terms Caitra, Vaisakha, etct. 
are conventional and not associative ; but even Panini and the compilers of 
Smftis hold the view that they are not associative. The author of Kalatatva- 
vivek'* observes as follows about it : — 

« 

^w ^^tt t^r *F3T TTsr^r i ^mf^r^r. qr qts^rf?rfatiT: t sjtpr 

^rprt PM5Srftnnf?^rr stow? t aw^nf??^ ( ^«fwto?: 5r^*fa«pR# r 

^mTT ,| 

Hence, it is needless to consider the objection that &uch ton j rp Csitr 
Va^akha, etc. would lose their {significance by following ihc fi^ne fys'crc 
for the objection can be raised with equal force, both against the Sayana* and 
Nirayana systems . 

Compromise 

As regards the naksatras, if the nirayana system advocated in our SiddhSnta- 
works be followed, not only will the seasons go wrong, but there will be dis- 
order about the naksatras also in the same manner as by the adoption of the 

* A more detailed explanation has been given (page 270) before, while discussing the 
names of months. 

** Of these years, according to that almanac the months, Caitra, Sravana and Asadha 
are intercalary in the Saka years 1805, 1807 and 1810 respectively. 
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sayana system, with the only difference, that it will take place in the reverse 
-order and at a slower pace.* The months also will consequently be affected 
in the same manner. Even if the most accurate nirayana measure be adopted 
the naksatras and months will be liable to tho same error. It is true that the 
error will be always constant, nevertheless it is bound to persist. Hence it 
seems desirable to ignore the correct positions of the stellar naksatras, if the 
choice lies between seasons and the stellar naksatras. When we ignore the 
stellar naksatras we shall cease to name the lunar months after them and we 
shall begin to state the positions of planets with reference to new divisions 
called the sayana naksatras ; that is, all the conjunctions of planets can be 
•observed and their moments can be calculated ; similarly, the times of the 
•conjunctions of planets with the naksatras (stars) can be calculated and noted 
in the almanacs. 

If any one would argue that there will be a difficulty** in calculation 
through the sayana system, the answer is that such is not the experience. 1 he 
whole calculation in European astrcmmy these days is done on sayana basis. 
Keropant maintains that (page 301) " because, the Sun, the Moon, the 
Planets and the Equinoxes all have motion, their positions should be measured 
only with respect to the Stars* which are stationary". This means that it 
is proper and necessary to take the help of fixed stars while taking observations; 
but in the compilation of the almanac, there can be no objection mathematical 
or otherwise against adopting the sayana system. European astronomers 
■do make use of the stars for observation, but all their calculations for the 
Nautical and other almanacs are made on the sayana basis. Keropant has 
himself adopted sayana positions and motions of planets for his book ot 
Planetary Tables and the planetary places calculated from it are all sayana. 
Moreover, the method of taking observations by the "nalika and the des- 
cription of other irstrumcnts of observation, as given in our astronomical 
works (See chapter, headed " systems of observation "), show that more use 
has been made of the sayana measures than of stars. 

More Doubts Resolved 

f%^TTq:^|T II - TtflH <^ T »> *^ T ¥&V™ "■ 

' " A fire should be consecrated on Rohini, It should not be consecrated 

.on Pu^va Phalguni, nor § on Punarvasu. 'Svaha to Krtbka— to Rohm, 

_ — to Punarvasu- 



SSL'SSSuSS'SiS*" SEATS Progress/cross «hc star* Bharan,, 
tfWSSS %-»' ■'£*»'£ 2E2&ISU «"* no, Lvc been Mkd by »*y 
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These lines* coniain the names of naksatras in the singular, dual, and 
■in plural. This clearly shows that these naksatras are nothing but stars and 
yerily these lines cannot apply to the sayana naksatras, which shows that 
the Srutis recognize only the stellar naksatras. And naksatras in that sense 
will not be obtainable by adopting the sayana system. All' the same, the fact 
remains that it would not be possible by the nirayana system to secure the 
occurrence of spring in the months of Madhu-Madhava, that is, in Caitn* 
and Vaisakha, for all times to come, and such occurrence too is a point 
stressed by the Srutis. ~ 




.The works on ritual facts . prescribe the performance of particular rites, 
on particular naksatras. If it be said that these naksatras refer to stars, 
practically no one has the faintest notion of such a fact. The naksatras are 
now observed simply as a matter of convention. Now-a-days the people 
are as a rule, satisfied if they find that the almanac gives the appropriate 
naksatra (division) necessary for a particular rite for the desired time, without 
caring tb know which star is actually contacted (by the moon) in the heavens, 
at that time. It is not that this condition is prevailing only in the present 
times. As the stars are not situated at equal distances, the condition is simply 
inevitable. The calculation for finding the accurate naksatra has been ex- 
plained (page 279) : but no one makes practical use of it these days.** 
Even if it is done and even if the most accurate nirayana system be adopted, 
it is impossible to secure the correct positions in every way. Tn addition to 
this, possibility of error in the calcaiatior is another obstacle in the matter.. 
Even if we assume that the necessary correctness can be ensured, the ritualistic 
rules that enjoin the performance of particular rites on particular seasons, 
cannot be observed by adopting the nirayana system. 

Pros and Cons Weighed 

The nirayana system cannot ensure the correctness of time for the perfor- 
mance of certain rites which must be performed according to the Dharmasastra- 
in certain months and certain seasons, nor does it ensure the regular recurrence- 
of Spring in the months of Madhu-Madhav, that is, Caitra- Vaisakha,. which 
is a fact recognized »y Srutis as important. Will a system of astronomy 
be acceptable if (like the nirayana system) it brings tbe rainy season in CaitraT 
Not one in hundred would answer this question in the affirmative, and to 
add to this, the naksatras too fall out of their proper places if one adopts the 
nirayana system. These four arguments are favourable to the adoption of 
the sayana system. The followers of nirayana system will in their turn put 
forward four similar arguments that even the stellar naksatras are recognized 
by Srutis and accordingly the Dharmasastra has laid down rules for performing.' 
certain rites under the rule of certain naksatras and these rules cannot always 
be observed if the sayana system be followed. The stars of Revati, Uttara- 
Bhadrapada or those of all other naksatras will have to be called Asvini by 
turns by following the sayana System, and no one would agree that it is proper i 

* Most of the lines have teen cited in Part I. But some more have been taken from, 
the Taittirlya Sruti. 

**Vasudeva Shastri Dcdgacnkar, an astronomer of Poena, recently told the author 
that a certain Joshi of Paithan, seme years ago, who found by calculation that a desired*. 
nak«atra was available at a certain time got a marriage ceremony performed. But far from* 
appreciating this welcoir.e innovation, the kcal as well as the Pcona public exct irmunicatecfc 
him for sometime. 
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and although it is generally true that Spring would occur in Caitra for all 
time if sayana system be adopted, the day of the beginning of seasons would 
shift a few days on either side ; and further, as the seasons are reckoned on 
the basis of lunar months, a variation of even a month sometimes occurs in 
the beginning of a season. Even granting these contentions of the nirayana 
school and balancing one set of arguments against the other one cannot deny 
that there still remain two arguments advanced while discussing the logical 
aspect of this question, which establish the acceptability of the sayan* system 
(page 298/299). They are that the year is naturally a time unit denned by 
the cyclic recurrence of the seasons, and that the object of inserting an 
intercalary month is nothing else but to ensure for all time the concurrence of 
particular seasons and particular lunar months. Both these objects can be 
attained only by adopting the sayana system. These two arguments are 
quite irrefutable. 

Conclusion 

Similarly, if the historical aspect of the question be considered, one findfc 
that the sayana year Was in vogue from the earliest times till about 2000 B.S. 
j^hus it is a fully and firmly established fact that the sayana system alone 
| deserves acceptance. 

I Complete Revolution of the Equinox 

I We have considered the sayana and nirayana systems on the assumption 
I that the equinox makes a complete revolution. The question of the Calendar 
I reform has to be considered chiefly with a view to seeing that the almanac 
pis compiled in conformity with the tenets of Dharmasastra. It may be argued 
f'lfcat our works on astronomy assume that the equinox does not make a complete 
I revolution hut that it oscillates ; and, if that be a fact, then the dissociation of* 
I seasons from months will not occur even by following the nirayana system, 
load that, therefore, Spring will always occur in Caitra. Let us then consider 
-this line of argument. 

Whether the equinox makes a complete revolution or not, is not a matter 

* coming within the purview of the Dharmasastra. The only concern of the 

I Dharmasastra* is to decide what rites ought or ought not to be performed 

I daring the rule of certain seasons, months, tithis, naksatras etc; and it is for 

■ astronomy to decide what time conforms with the rules of the Dharmasastra. 

I If the Dharmasastra 'enjoins that certain rites are to be performed m a certain 

I month and certain season, then it is the duty of astronomy to establish such 

I a system of time-measures as will ensure the association of the seasons with 

I the appropriate months. The science of astronomy is based on actual tacts. 

| Because the positions and motions of planets undergo a change m course of 

Ftime, it has become customary with astronomy to adopt such positions and 

motions as are confirmed by experience at different times. The modern 

Stirya-Siddhanta gives positions- and motions of planets that are somewhat 

different from those in the earlier Siddhantas. Nevertheless the author observes 

that apart from the change in planetary motions necessitated by the lapse 

of time the ancient science has remained intact, as may be gathered from 

the following line in Madhyamadhikara. 

* The rules prescribicg certain times for certain rites are given in the 'Muhfirta' branch* 
of astronomy. The Muhurtaskandha in this way forms part of the Dharmas&stra. 
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" This is the same science which was deliberated by the god Sun. The 
only variation in time is due to the passing of long periods called ' Yugas\ '* 

Ranganath in his commentary on the above says, 

" That kind Bhaskaracarya cited another science for the use of people, because 
planetary positions change with lapse of time. '* 

Bhaskaracarya says :— 

Keshava also has made a similar remark (page 128) 

m 

Even the following well-known verse from the Vasistha Sambita recommends 
the adoption of that system which will ensure agreement between calculation 
and observation. 

"If the almanac in vogue in a territory, at any time, follows a certain paksa 
and its calculation agrees with observed facts, that pak§a should be accepted 
and the decision regarding tithi etc, should be taken accordingly". 

By observing the rules governing the construction of the Universe^the 
western astronomers have established with certainty the fact that the equinox 
makes a complete revolution.* 

*Tht author giwft'ia wirf an ide% of thf revolution of the epvinox.Think of a chid- 
ren's to,* spinning on the ground. At first it -evolves vcrv rapidly in an uptight portion- > e 
that Us a*is p*ssing through the two ends remains pcroeadicvKiT to the srounc. A> its 
•peed dirririih^i, iv begiM to nod baea is* it* upper pi*t ts heavy and in that condh*on its 
axjs no iougei remains in a vertical position and <ts upper end begins to revolt. Iu the 
same way, the extremities of the earth's axis continually begin to revolve round the end o f 
a line perpeniicular to the plane of the orb^r of the Polar Star ;hav is round the polo of the 
echp'ic When the earth rotates round its axis, t**e axis does not temiin in a position per- 
pendicular to the plane of its orbit.Its spaed of rotation round its axis is always uniform; 
it is practically constant. Hence, had *t be?n completely spherical, its axis wo^ldh ^e tended 
to remain inclined at the same angle, But the earth is flai a ! the poles and bulging at the 
*qu*c tor. Hence, thi atti action of the sun and iroon on the equatorial pait;showj a tendency 
to merge with the plane of its orbit, But the rotation of the end of the axis continues in 
cessantly.This makes it impossible for the two planes to merge and for the axi^ to become 
perpendicular to the (plane of the) orbit. The axis of the earth, however, keeps revolving 
round the axil of the ecliptic, The p.-les of the equator i evolve round those of the ^clinic 
This causes the (celevial) equator to slide or the ecuptio. This u known as the phenomenon 
of the precession of the equinoxes That the a 'traction of the sun end the moon on the 
ca"th is greater at the equator is noticeable by minute observation. The nodes of the moons 
orbit make a revolution in 18i years. This causes the moon to go away from th* equator, 
sometimes lo 28° north and sometimes upto 1S° during that pcriod.Tnis and also her 
variable attraction on the bulging portion of the euqator causes a variaonin the revo ^" 
tiomry motion of the pole/This variation is found to be the same after each period of 18£ 
:years.The condition of the equatorial part of the earth being more bulging than tnat at 
the poles is not likely to change at least for millions of year? raore.Hcnc?, the equinox is 
hound to make a eompleu rcvoiutioa. 
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Even in our country Mufijala and others hold the same view. A quotation 
from the Satapatha Brahmana describing the position of the Krttikas has, 
been given before (on page 128 of pt. 1), which shows that it applied to a period 
about 3100 years before Saka. The equinox has moved through 68° during 
the period of 4900 years from that date up to the present time, that is, through 
more than 54° which is supposed to be the arc of equinoctial Oscillation. 
Thus, even our own ancient works lend a support to the fact that thee quinox 
does not oscillate but makes a complete revolution. This being so, our Dhar- 
masastra ought to abide by this verdict of astronomy and accept the sayana 
system which ensures the association of seasons with months and our astro- 
nomers must compile their almanac only by that system. 

Successive Regression of Year-beginning by One Month, as Solution of Problem 

. Some people suggest a different solution in order to maintain the Nirayana-* 
system and at the same time to avoid the difficulty that will arise in future in 
being compelled to perform religious rites in the wrong seasons, owing to 
the present day nirayana system. It is this :— instead of the sayana year the 
correct nirayana year-measure should be adopted ; the naksatras, rasis, and 
samkrantis too should be nirayana. The present system of naming that 
lunar month as Caitra in which the Mesa Samkramana occurs should also 
be retained. But when the ayanamsa amounts to 30°, and the equinox moves 
back to the beginning of the nirayana Mina rasi, the year should be made to 
start at the beginning of nirayana Mina, in the nirayana Phalguna (of the 
present day), and the names of Madhu-Madhava which denote seasons and 
are now applied from Caitra should.be applied from Phalguna, and all religious 
rites which are to be performed in Caitra, Vaisakha etc. should be performed 
in Phalguna, Caitra etc. ; that is to say all religious functions should be re- 
gressed by a' month. When after a lapse of time the advent of Spring begins 
to coincide with Magha, the rites pertaining to Caitra and Spring should be 
shifted back to Magha, This arrangement would ensure the performance of 
religious rites, usually observed in Caitra (Spring) to be performed in Phal- 
guna and Magha but still in Spring. There will no more be any necessity to 
call the divisions occupied by the stars Revati, U. Bhadrapada etc. as Asvini. 
This was the opinion of KerOpant Chhatre and Krishna Shastri Godbole 
and the same view is now held by Prof. Tilak and Venkatesh Bapuji Ketkar . * 

// is not Traditional 

The suggestion appears desirable at the first sight ; but in reality it is not 
acceptable. Some of its advocates remark that there is even the support of 
tradition behind it. They observe that according to the Vedas, the year should 
begin on the winter solstice (W.S.) day and (it is also known) that the W.S. 
was gradually set back from Phalguna to Magha, Pausa and Margasirsa. 
Keropant mainly relied upon the quotation "Ya vaisa . . . ." (quoted on page 
30 of Pt I) from the Samkhydyana Brahmana in this matter. Tilak has added 
one more month, Caitraj to the above list of names pn the basis of the stanza 
from the Anuvak of Samvatsara Satra (given on page 28/29 of Pt. I). 

I have already shown before (page 135 of Pt. I) that the Vedicq uotations cited 
as authority by Chhatre and Tilak, have nothing to do with the winter Solstice. 

*Kero pant's views had appeared in the Arunodara newspaper in the issues of 7th 
October and 4th Nov ember 1883 and that of Ketkar was published in the same papee 
about 1884 Tilak's view is found in his book ORION but particularly in an article appearing 
In the Kesart sometime in 1893. Go doole had expressed his views in a personal talk with 
the auihor. Bapudevi did nol hold ftns view. His views have already been «tated (page 3ul> 
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At no other place in the Vedas has the beginning of the year been shown to 
be with the W.S, This author is not alone in holding this view, who says so. 
Even Sayanaearya has not interpreted these lines as bearing on the W. S. 
Similarly, Madhavacarya also has discussed this point in his KVmldhava 
on the basis of several Vedic quotations and concluded that the year used to 
start at the beginning of Spring in Caitra. He did not come across a single 
statement in the Vedas, in which the year was said to begin on the W.S. He 
was also not led to draw the conclusion, that the year beginning was gradually 
made to recede through Caitra, Phalguna, Magha and so on. 



It is true that in the Vedanga Jyoti§a the W.S. is mentioned as occurring 
in Magha. The same system is found at one or two places even in the Maha- 
bharata. AH astronomical works except Vedanga Jyotisa refer to the W.S. 
m as occurring in Pausa but this does not prove that there was the practice .of 
naming the months gradually backwards as Magha, Pausa etc. It will be 
explained* how the W.S- occurring in Magha during the Vedanga Jyot§a 
period began to occur in Pausa. The advent of Spring used to -occur in Caitra 
at the, time when Caitra and other names of months came into use. Hence, 
<he authorities on Dharmfasastra applied the system of calling Caitra- Vasakha 
the months of Spring season on the analogy of the "Madhu-Madhava" names 
of the Vedic period and like the month of Madhu they adopted Caitra as the 
initial month of the year. Even though the W.S. used to occur in Magha 
during the Vedanga Jyoti§a period, it did not affect the system. But later on, 
because the solar ingress into Mesa used to take place in Caitra when Me§a 
and other terms became current and the year already used to begin in Caitra, 
astronomers formulated the rule "Mesadhisthe Savitari ....." (page 270) for 
naming the months. This terminology was not at all current in the Vedanga 
Jyotisa period and hence the religious heads -accepted the rules established by 
astronomers. On account of this, the Makara Sartkramana occurred in 
Pausa itself, the W.S. which formerly used to take place in Magha had naturally 
shifted to Pausa and the convention of the W.S. and Makara Sankrama^a 
occurring in Pausa became a rule and was acceptable to the authorities on the 
Dharma. &astra. It has already been pointed out in the course of the study 
of Vedanga Jyotisa that the Vedanga Jyotisa system was not everywhere in 
use in its original form for many years. Hence, because the rule of the W.S. 
occurring in Magha did not last long universally, it was not difficult to establish 
the convention of linking up the W.S. with Pausa. Now the terminology 
cannot change for, though it is now-a-days sometimes seen that the W.S. 
occurs in Margaslrsa, still it is not recognized by the Dharmasastra, nor would 
it be acceptable. That it was not acceptable to the Surya-Siddhanta can be 
seen from some of its verses given above (page 300). Whatever is un- 
acceptable to astronomy cannot be acceptable to the Dharmasastra also. In 
short, even though the W.S. sometimes now-a-days occurs in Margaslrsa, still, 
the fact is not recognised by the Dharmasastra ; and the tradition of shifting 
the beginning of the year back by a month every 2000 years is not found in 
the Dharmasastra. None of the works on the Dharmasastra will be found 
to give any of the two facts discussed above. 

*If months are named on niraya^a basis, the W.S, is found to occur in Magha, Pausa 
M^rgasirsa and so on, gradually in a backward order- But it is to be seer if it wss the 
tradition to call \} at lunar month Phalguna, Magha and Pausa, in which the W.S. occurred; 
in other words, I w.sh to discuss, if it was the tradition to begin the year one month earlier 
after every two thousand year*, efter naming ih<> months on the nirayana basis : and it is 
&eing proved that there was no such tradition. 
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The stanzas (Anuvak) describing year-long sacrifices speak of beginning 
the series of such sacrifices on the Citra full moon day, the Phalguni full moon 
day and the Ekastaka (8th lunar day of Magha Kr§na) day. It shows that 
even if the W.S. and the beginning of the year ceased gradually to take place 
on those days, as years rolled on, still the occurrence of the beginning of Spring 
and that of the year must have coincided with those days. And if any one 
begins to argue on this basis that the tradition of setting back the beginning 
of the year gradually by one month can be discerned here, it would also be 
impossible because the Anuvak relating to the yearly sacrifices occurs in the 
Taittiriya Samhita and the Tdrtdya Brdhmarta. The dates of both the works 
are not later than 2000 or at the most 1500 B.S,; and this estimate must be 
acceptable to Tilak also. Hence, there was no possibility of Spring occurring 
in Magha m those times (pages 131/132 of Pt I). It has already been shown 
(pages 265) that the practice of beginning the year on the Ekastaka day must have 
come into vogue owing to some other reason and it must have had a secondary 
importance. Now the full moon days of Caitra and Phalguna remain to be 
considered. It is a well-known fact (of astronomy) that every solar ingress 
takes place within 29 days earlier or later than (the starting of) a lunar month. 
The solar ingress into Mesa occurs on any day between the 1st lunar day of 
Caitra and the new moon day of that month; consequently, a similar variation 
takes place in the beginning of any season. Hence, Spring can be seen to 
begin, in some year on the Phalguna full moon day and sometimes on the 
Caitra full moon day during any particular period ; and according to the 
'purnimanta* system, the month ends on the full moon day. Hence at the 
time when exact rules for beginning the year were not established, it was 
naturally felt that the year could begin on either of the two tithis. Sayanacarya 
has interpreted this stanza on these very lines. The work Kalanijnriaya by 
Madhava supports this very interpretation*. Cases of starting the year in 
different months have been given before (pages 263/265) and it has been pointed 
out there that there was no such tradition of commencing the year one month 
earlier. 

In short, there is no tradition in favour of setting the year back by month 
by the nirayana system and it is not in conformity with the rules of the Dharma- 
iastra ; hence, this adjustment is not acceptable to Dharmasastra. 

NOT ACCEPTABLE TO PUBLIC 

Setting the beginning of the year back by a month and performing rites 
in Phalguna which. are meant to be performed in Caitra, is nothing but altering 
the Dharmasastric rules. So long as these views remain on paper, it is all 
right. The originators and followers of this view do not appear to have reali- 
zed how ridiculous it would be in the eyes of the Sastris and the general public. 
Munjala's views on the precession have been condemned as those of an atheist 
and a avan by Munishwar, the author of the commentary called Marlchi, 
(page 212), because, the theory that the equinox makes a complete revolu- 
tion does not ensure the occurrence of seasons in a way acceptable to the 

♦Whenthisbook was first written in 1887 i.e., before Prof. Tilak's book was published 
the author had already considered the quotations (Anuvak) relating to the beginning of the 
year, and he had already construed them in the way he has done here and on pages 135/136 
of Pt. I then Prof. Thibaut's review of Tilak's book appeared in the monthly Journal, 
"Indian Ant iquary" in 1895, and he has there interpreted the quotations just as the author 

kas done This discussion includes also the consideration of arguments put forth by Kero pant 
U support of his contention. 
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Srutis (page 212). In his eyes even the verbal argument regarding thfr 
dissociation of the seasons and months appeared distasteful. How then can 
the authorities on the Dharmasastra like him tolerate actually performing 
those rites. in Phalguna which really belong to the month of Caitra ? 

EVEN THIS SOLUTION CAUSES ERROR IN SEASONS 

If the year is made to begin at the first point of Mina, when the equinox 
begins to occur in the initial point of the nirayana Mina sign, it will not be 
found to be there perpetually, because it will also continue to recede, as the 
equinox is always movable; and an error will continue to occur till the equinox 
would reach the initial point of Kumbha. Even if the year is then made to 
begin at the initial point of Kumbha, the error will still persist. In short, 
even by following this system, an error of up to 30 days will always continue 
to remain in the recurrence of seasons. 

AN INSUPERABLE DIFFICULTY 

There is yet another difficulty which cannot be tided over. Some religious 
rites are related to seasons, months and tithis. These may be transferred to 
a time a month earlier. But there are some which are connected with the 
seasons, months, tithis and also naksatras. For example, the Vijayadasami 
is to be' observed on the tenth lunar day of the bright half of Asvina in the 
Sarat-ritu. The association of Sravana naksatra with it is desirable. This is 
not possible, on the 10th lunar day of Bhadrapada Sukla, as it would fall on 
the 12th lunar day of the bright half of that month and on the 14th lunar day 
ofthe bright half of Sravana. If Vijayadasami is celebrated in Bhadrapada, 
the Sravana naksatra will not be available. If it is celebrated on Sravana 
naksatra on the i2th lunar day, then Dasami (10th day) will be missed. (In 
that event it will have to be called a 'baras' and not the 'dasara'). As time 
will pass, it will be made to recede into Sravana, and then it will have to be 
performed on the Sravana naksatra on the 14th tithi or on the lOthtithi asso- 
ciated with Jyestha naksatra. 

WHO CAN CHANGE THE DHARMASHASTRA ? 

If, however, it be resolved to accept this solution inspite of its being contrary 
to the tenets of Dharmasastra, the Dharmasastra will have to be completely 
overhauled. Who is going to do that and how ? Such would be the difficulties 
confronting the reformers.- He, who knows anything about. the works on the 
Dharmasastra and popular beliefs, will realize that this is extremely difficult 
to achieve. 

HOW TO POPULARIZE NEW DHARMASASTRA ? 
HOW TO MAKE IT CURRENT ? 
If it be assumed that the Dharmasastra can be renovated by appointing a 
Committee ofSastris how is the new Dharmasastra to get. recognition,? This 
is even more difficult than the above proposal. Even supposing that Sankara- 
carya approved it or that it was passed into a law, one can hardly imagine 
how very difficult it would be to introduce it into the religious life of the people. 
Our country has hundreds and thousands of Works on Dharma and lakhs of 
their copies are in circulation all over the country ; all these will have to be 
destroyed. If they are repealed by a peremptory order there would still 
remain works on other subjects which cannot be destroyed. It is preposterous 
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to think of changing a system that still remains recorded in those thousands 

of works and is deeply engraven on the hearts of millions of people. The 

winter solstice which used to occur once in the beginning of Dhanistha, later 

on shifted to Uttara Asadha ; still, the Dhanisthadi system continued to exist 

in astronomical works. It is found in two or three works only and its use 

was confined only to a small area and that too for a very short period of time. 

Still even this resulted in deluding an astute astronomer like Varaha Mihira. 

If then a system, which at present has specific naksatras, months and seasons 

for specific religious rites and which found its way into thousands of works 

and has remained in vogue for quite a long period of time all over the country, 

be altered— that is to say, for instance, if the festival of 'Das'ara' occurring in 

Asvina, be decided to be celebrated on the 12th lunar day of BMdrapada— 

it will take scores of pages to describe what confusion will occur in the minds 

of the people at large and what troubles would arise among the ignorant 

section of the public. 

SUGGESTION WORTH REJECTING 

In short, all things considered, a system which involves the recession of the 
beginning of the year and other rites gradually from Caitra back to Phalguna, 
Magha and other months deserves only to be rejected. 

PRACTICAL ASPECT 

Let us now consider the sayana and nirayana systems from the practical 
point of view. It is not that the everyday life will be obstructed in the absence 
of the sayana system. We need not consider, of course, those people who do 
not require any almanac whatsoever in their daily life. Our discussion must 
then be confined only to those who do want some almanac or other. About 
gaka 444, the rainy season used to begin when the sun had crossed about half 
the division of Ardra naksatra; now it starts at the beginning of Mrga. At 
present, the 4 jwari' which is the staple food of the people living in the region 
around Barsi and Sholapur, is sown when the solar naksatra of Hasta is about 
half passed It is obvious that about Saka 444 such sowing used to take place 
with the sun in the beginning of Svati. But people do not even dream that 
there ever was a time when the sowing began during the Svati naksatra. People . 
feel as if the rule regarding the sowing of grains in Hasta has been in force 
rieht from the beginning of creation. If the nirayana system continues m 
future, the sowing operation will have to be done in Uttara, as time would 
oass on. But this variation is so slow that it will not be perceptible in the 
Ene of any man or for that matter, even during three or four generations, 
'JSFthJ » » would come about quite naturally without being detected m the 
fcast In t^ame way almost all the affairs of life will continue unhampered 
even if the sayana system does not come into vogue. 

«nt marriaee is a ceremony intimately connected with everyday affairs as 

well a XrmSastra. It has-been already pointed out (page 307) that the 

niravana svstem will cause a difficulty in regard to its celebration It is true 

^at 5 will occ^rlfter a considerable lapse of time; but that it will occur is a 

certa nty Even at present, the month of Jyaistha, even though allowed for 

celebrating marriages, is in some years found to be useless because of the rams. 

St us now see if, on the other hand, the acceptance of the sayana system 

22 
1 DGO/69 
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would give rise to any difficulty in this matter. Our months axe lunar and 
hence, intercalary months are required to be introduced. This fact is very 
favourable for the introduction of the sayana system. In the time of Julius 
Caesar the length of the year was once required to be extended b" ^om" ^a>'s 
In the times oiPope Gregory and later in 1752 A.D. in England, an adjustment 
was required to be made by passing a law that the proper date of a certain 
day would be arbitrarily advanced by some 10 or 12 dates. People must 
have found it very awkward. The change was brought about only with the 
help of law. But we need not proceed that way. If an intercalary month 
that is due according to the old Pancanga be omitted altogether and if the 
sayana Paiicahga be introduced since that month and all intercalary months 
thereafter reckoned on the sayana basis, our purpose will be accomplished • 
and if all the almanac makers make up their mmd, ^ change v»£ ~. „l.^d 
most smoothly without embarrassing the people in the least. This is no 
doubt a great facility. Nevertheless,. there is one thing that may still create 
confusion among the people. At present, the sayana Ardra naksatra is ruling 
at the time when the mrayana Mrga naksatra begins, and then the raiiis *ci in. 
Hence, people will be wondering why the rains do not start even when the 
Ardra naksatra is half passed, though ordinarily they are due at the beginning 
of Mrga. When the rainy season is about to begin people would perhaps 
start those agricultural operations at the beginning of the sayana Mrga naksatra 
which they used to oegin at the beginning of the mrayana Mrga naksatra* 
Thus an obstacle wjII be created in our every day affairs. However if the 
change is brought about gradually, it will not create difficulties in daily affairs 
But setting back all samkrantis and solar naksatras by 22 days would be a 
very difficult thing to do. If a change occurs in the dates of such phenomena 
as Jupiter's change of sign or the sign occupied by the moon, people will not 
notice it. But people will find it rather awkward to take to sowing in Svati 
which is usually done in Hasta. The ideas about naksatras and soiar sam- 
krantis are so deep rooted in the minds of the people that any change with 
regard to them would seem more difficult to our people in their daily life than 
the advance of 10 or 12 dates seemed to the Europeans. If some people 
decide to adopt the sayana almanac, it does not mean that all others will at 
once agree to adopt it; and in that case, as the nirayana almanac will still 
remain in use, people will come to understand that the month which they call 
Phalguna a will have to be called sayana Caitra. The solar ingress of Brahma- 
gupta, which used to occur one day earlier, had come into vogue; still, ulti- 
mately it fell into disuse. The solar ingresses of Keropant's almanacs occur 
four days earlier and this is one of the main reasons why his almanac has not 
oome into general use. Hence, it will be very difficult to bring into use the 
sayana almanac which shows solar ingresses as occurring 22 days earlier. 
Tnere are no doubt some such difficulties and it is proposed to consider later 
now they can be surmounted. 

ASTROLOGICAL ASPECT 

That the sayana system is acceptable has been so far proved from the 
P° mt of vie w of mathematical astronomy and muhurta. Whatever is accept- 
able to these two must be acceptable to Astrology (Jataka Skandha) also. It 
is4rue that the decision of this point will depend partly upon the question 
which of the two systems yields a horoscope ( or forecast ) that would be in 
conformity with actual experience Madhava Branmaji and Jeevan Rao Tryam- 
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ttk CLiiJus*, UU ic\titut ci ihe sa>ara system, declare that the horoscope 
cast by the sa>aia sjsun. gi\ts correct results. Again the well-known Eu- 
ropean astrologers ci iht pre&em oay, Z«akjel and Raphael, cast horoscopes 
only by the sayana system, in our country the horoscopes are everywhere 
casi accoraiiig to the nirayana system. The Jyotirmbandha, however con- 
tains this quotation Ironi the Jaiakcitama. 

"The 'neech' is seventh iicm the Xctha'. The decision about 'phala' 
<u&Llt) she ix U \iUi ci ih Utu a \lx u\ara positions ot planets", 

it shows thai ever cui oid wiueis heia that the sayana system was accept- 
able in the matter or asirclccy. ' Most oi the works on astrology were 
compiled at a time when the imual points cl the sayana and nirayana systems 
did not differ much, it nay be lor this reason that they appear to have been 
compiled en the sa>ar.a Latis. Ihis point will be more fully discussed later 
in the Jataka Skakdka, The author Las come across several people who say 
that they would be prepaitc to accept the sayana system if the horoscopes cast 
on the sayana basis woulo be proved to give correct results. But the author 
thn ks thai d is ;iT|(; . il !c H £.ti ecmpitieiij tcrrtct results by either of the 
systems, turtkci more, the science of astronomy has not originated for the 
sake ot horosccpes alone 

THE BEST AND MOST ACCEPTABLE SOLUTION 

The logical aspect of the question considered at the outset would appeal 
to all people at all time* and at all places. Hence, in the light of that consi- 
deration (1) the best solution is to adopt the sayana system. It has already 
been shown above that from the point of view of History and Dharmasastra 
also, that solution alone is acceptable. This course may cause a slight hindrance 
in our every-day life in the beginning. But the hindrance due to setting back 
the beginning of the year by 22 days will be quite negligible compared with the 
difficulties and mental confusion experienced by people when in the year 
46 B.C. Julius Caesar advanced the beginning of the year at one stroke by 
;as many as 67 days at the time of reforming the Calendar, Moreover it has 
~been explained above how the intercalary month would facilitate the change 
from the nirayana system to the sayana system. All that we have to do is 
to introduce the sayana paficariga from the year in which an intercalary month 
falls due according to the Grahalaghava but not according to the sayana 
system. The tithis would be identical by both the systems. There would be 
some difficulty in respect of agricultural work for a few years. But if rules 
are given in the almanacs for some years to the effect that certain agricultural 
operations now performed under certain solar naksatras should in future be 
performed under other naksatras. And if this is put into use fojr some years 
it will continue for all time to come without any break or difficulty. It is, 
however, essential that an authoritative work should be first published from 
which the sayana almanac can be compiled. 

, * MauLava Rao iiumuuji hau published a book entitled Samvatsar Bhavishyamakt . 
xtmtahupg the forecast for Saka 1806. The predictions in this book were made on the 
s&yana basis. Chitrus has been publishing Jyotirmala, a monthly journal at Bombay since 
May 1895. It deals with astrological questions on the sayana basis. 

22a 
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ANOTHER SOLUTION 

The above solution will cause no difficulty regarding the tithis and nak§atras 
required for daily use. But some confusion will arise in the matter of agri- 
cultural work as the solar naksatras indicating the advent of rains etc. would 
be set back by 22 days. The stellar naksatras will create some mental con- 
fusion because they will show a divergence of about If naksatras. If, therefore, 
this course be considered as being set with too many difficulties, there is still 
an alternative to it which is explained below. The amount of ayanamsa 
derived from the Surya-Siddhanta and allied works for the present times 
(22° for gaka 1805) should be regarded as constant for all time to come and 
the correct length of the tropical year should be adopted. This will reduce 
the precessional (ayana) motion to Zero. The difference of 22 days which 
affects the seasons at present will thereby remain constant. When a work is 
compiled for calculating the almanac in conformity with this solution no 
obstacle will come in the way of bringing the system into vogue. Neither 
royal mandate, nor the sanction from Sankaracarya nor any other kind of 
help will be required. Jijst as the Grahalaghava came into extensive use even 
in the absence of the printing press, the astronomical work and the pancanga 
compiled on these lines will easily come into universal use. 

It has already been proved above that the nirayana system is not at all 
worthy of acceptance; if, however, it be felt that it is impossible to make the 
siyana system acceptable and that the nirayana system must need be retained* 
let us consider whether any one of the three types of nirayana almanacs, viz, 
the Grahalaghava type, the Keropanti type and those by Bapudeva and others., 
should be accepted or an almanac of quite a different kind should be accepted. 
It has been shown above, while discussing the logical aspect of the question, 
what will be the effects of adopting the length of the sidereal year according 
to the Surya-Siddhanta and others. Hence, anyone will agree that this should 
be abandoned and the true sidereal year should be adopted. It is the view 
of Bapudeva that the length of the year should be taken according to the Surya 
Siddhanta and the almanac should be compiled on the basis of the correct 
motions and positions of planets, and Raghunathacarya too appears to 
hold the same view. The only object of this suggestion is that if the beginning 
of the year is reckoned according to the S.S. the difference in the ayanamsa 
does not become perceptible. Thereby the solar ingresses and the intercalary 
months will occur as before, and there will be no difficulty in making the 
almanac acceptable to the astronomers as well as the public. There does not 
appear to be any other object underlying the suggestion. But if there be a 
solution which accomplishes the above object and at the same time ensures 
the adoption of the correct length of the year, Bapudeva and. others will no 
doubt readily accept it. Keropant on his part holds that the correct sidereal 
year should be adopted; but he also holds that the star Zeta Piscium should 
be taken as the initial point. But that would result in the divergence of solar 
ingresses by 4 days and the intercalary months also would be different; and 
on account of this Keropant's almanac has not become popular, it is true 
that the star Zeta Piscium was near the first point of the Zodiac about Saka 
444; but the S.S, does not give zero as the longitude of the star Revati: it is 
359° 50' that is 10 minutes less, Lalla has assumed 359° as the longitude of 
Revati, which is one degree less, Brahmagupta and the later astronomers 
have assumed the longitude of Revati to be zero. It has been, however, clearly 
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shown that neither Zeta Piscium nor any other star can for ever coincide with 
the first point of the Zodiac according to them or any other work (page 
218). It is no doubt true that it was the intention of Brahmagupta and later 
authors that Zeta Piscium should be taken to be at the initial point. The 
asterism of Revati contains 32 stars. If a star be found in this group whose 
distance from the equinox of this date be almost equal to the ayanarnsa of 
the present day, as derived from different works and if Brahmagupta and all 
other astronomers were living to-day, they would gladly have agreed to accept 
the star as the initial point and to adopt the correct sidereal year. Keropant 
does not appear to have read the history of the shifting of equinoxes as recorded 
by all our astronomical works. While introducing his almanac he did not 
take care to see if the almanac would be acceptable to the public, when the 
time of the sun's ingress was set back, because of the adoption of a smaller 
figure for ayanarnsa; and there was no reason why that idea should have 
struck him at that time. It, therefore, seems that he did not try to see if there 
can be a solution by which even if the correct length for the nirayana year be 
adopted, the change would not be perceptible to the general public. It is 
found that there is such a solution. The star group of Revati has been des- 
. cribed by our works as forming a Mrdanga (tabor). It includes a star whose 
I distance from the equinox in the beginning of Saka 1809 is 21° 32' 57". It is 
I much nearer to the initial point of our Siddhantas than the star Zeta Piscium. 
|" It has already been given in a table (page 292), the figures representing ayanam- 
p sa according to different works derived on the basis of the length of the year 
1 adopted by them. They vary from 21° 56' to 22° 3'. If the mean sun be 
taken into account they will be found to vary from 22° 4' to 22° 18'. It has 
also been pointed out above ( page 291 ), that looking to the current practice 
in our country, the ayanarnsa adopted at one place in Saka 1809 is 22° 45', 
I at another place it is 22° 44' and it is 20° 49' at still another place. Hence, 
t if the above mentioned star be accepted as the initial point, the ayanarnsa 
I for Saka 1809 will be 21° 33'. This amount is very near to all those mentioned 
I above. This (star) is as useful for observation or for mere gazing as Zeta 
I Piscium so far as luminosity is concerned. Another facility offered by this 
f f star is that while 11 stars will be found misplaced if Zeta Piscium is taken as 
I the initial point, only seven* will come to be misplaced if this star is substituted. 
I: Hence, this star should be adopted as the initial point and its distance from 
I equinox adopted as ayanarnsa or else the star Spica is very useful for observa- 
k "tion. The 3.S. gives 180° as its longitude. It is surmised that ancient astronomers 
I might be determining the positions and motions of planets after comparing 
t their observed co-ordinates with this star. Hence, supposing the longitude 
f of Spica to be 180°, the point at a distance of 180°, should be taken as the 
I initial point! As the sayana longitude of Spica in Saka 1809 is 6 signs, 22° 16', 
I the ayanarnsa for Saka 1809 would be 22° 16'. This figure also is very near 
k to all the values mentioned above. If the initial point be adopted in the light 
■ of this discussion only seven or eight stars will be found misplaced. In short, 
£ the ayanarnsa for Saka 18C9 should be assumed to be either 21° 33' or 21° 16'**. 
t The ayana motion should be adopted at its true value 50 -& seconds and the 

* The accurate longitudes (aooordiag to Keropant) of junction stars which have beea 
given on page 308/309 are their distances from Zeta Piscium. This star is about 3° 15' ahead 
ofZeta. By adopting this star as the initial point, all those stars, except Uttara Bh&drapada, 
before which the word *in advance' is written will be found to be in their respective 'regions'. 
Only seven will be found misplaced and of them Jyestha will fall behind by only 2 minutes. 

** This part of the book was first written in Saka 1810.Hence all calculation has beea 
made for Saka 1809. 
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year-measure should be the correct length of the sidereal year, that is, 365</- 
15gh-22p-53vp. 

THIRD SOLUTION 

This solution is the best of all those exemplified by all the current almanacs, 
and if the above two ways of adopting it, as also those of Keropant, Bapudeva 
and Raghunathacarya, and the sayana system be not acceptable, then it is 
better that this third one be followed. If it is followed there will be a variation 
of only a few ghatis in the occurrence of the solar ingresses, and there will be 
agreement in the case of almost all the intercalary months and there will be 
practically no difference. It is, therefore, sure that this second solution will 
be welcomed and when a new Sanskrit work following this system and tables 
simplifying the calculation of tithis on the lines of the Tithi Cintamani are 
compiled, the system will very quickly gain currency. Had any one suggested 
this solution to Keropant he would have accepted it readily. This method 
differs from the one he has adopted for the Patwardhan almanac only in this 
respect that another star will be substituted for Zeta Piscium as the starting 
point. As the object of Bapudeva and Raghunathacarya would be ful- 
filled in this way, even their followers would approve of the proposed method. 

The second and third solutions mentioned above differ from the old al- 
manacs only in point of length of the year and the adoption of correct motions 
and positions of planets. If an almanac -compiled on these lines is given to 
any sensible person, he will perceive in it nothing unacceptable or different 
from the old ways. In short there can be no objection whatsoever to bringing 
into practical use any of the two solutions. . 

New Work Necessary 

The discussion about the three solutions and the discrepancies already 
shown (Page 295) as occurring in the planets' places as calculated from the 
Grahalaghava, clearly show that there is the need of a new work being compiled 
which will give the correct positions and motions of planets. The Planetary 
Tables compiled by Keropant is a work which gives tolerably accurate positions 
and motions of planets, if not quite as accurate as those given by the English 
Nautical Almanac. But because it has adopted the length of the year as in 
the S.S. and the planetary positions are sayara, the work is absolutely of no- 
direct use to the followers of any of the three systems. It will, however, 
prove helpful to any one in compiling a new work. The new work should 
be compiled on the basis of those works which have proved helpful in compiling 
the English or French Nautical Almanac. Considerable difficulty will be 
experienced in using them, since those works are written in French, the 
planets' places obtained from them are sayana and the system of calculating 
the length of the year is also different from that of ours. It is, however, 
possible to compile one in metrical form and in Sanskrit. It should contain 
mathematical tables to help calculating planets' places from them, with as 
much or even less pains than those required with the Grahalaghava. m 
addition to this it is necessary to have tables on the lines of the Tithi Cinta- 
mani by Ganesa Daivajfia to facilitate the calculation of the ending moments 
of tithis, naksatras and yogas in ghatis and palas. It is also possible to 
prepare them.' When these two works are prepared, the task of bringing 
into use anv one of the three, especially one of the last two systems into use, 
will be considerably facilitated. It is informed that Venkatesh Bapuji 
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Ketkar has compiled a work with the help of which an almanac like the one 
by Keropant could be compiled. But that work has adopted ayanaip£a 
from Zeta Piscium and hence it appears difficult to introduce it for everyday 
use. Babaji Vitthal Kulkarni* has compiled a work similar to the GrahrJa- 
ghava ; but it is told that he has adopted in it the length of the year according 
to the S.S. and the planets' places obtained from it are sayana. Hence, it is 
of no use to any of the systems and unlikely to gain currency. Neither 
Bapudeva nor any of his disciples is known to have compiled such a work. 
Raghunathacarya has compiled a work (page 182), but it is not known, 
what year-measure has been adopted by it, and if any almanac, following 
any of the three methods described above, could be compiled from it. In 
short, a work of the desired type is not at present available. The author 
desires to compile one and is trying with that end in view. He hopes that 
his endeavours will be crowned with success by the grace of God, 

(3) THE ADHIKARA ON THREE PROBLEMS 

The Adhikara on three problems is so called in our astroncmical works 
because it deals with the questions of direction, region and time. The method 
of dzt::rrj^in<y directions is given in it in different ways. It is explained how 
to find the ascendant for a given moment or conversely the unknown moment 
from, the given ascendant. The calculation by other methods is also possible,. 
e.g. four shadows, etc. The question of 'desantara' (longitude) from Ujjain 
is usually dealt with In the chapter on mean motions and therefore omitted 
in this chapter. It, however, contains methods for finding the distance of a 
place from the equator, that is, latitude. The question of shadow is dealt 
with at considerable length. For calculation, a gnomon 12 'arigulas' long, 
is taken as* the unit while determining the length of the shadow. What will 
be the length of the shadow cast by a gnomon at a given moment and in what 
direction it would fall, and what would be the length and direction of the^ 
shadow cast by the Sun (or a planet) posited on any side of the gnomon, and 
such other questions are included under "determination of shadow". The 
authors preceding Bkaskaracarya have given only the method of calculating 
the shadow cast by the gnomon in an East- West, North-South, and the 
(four) intermediate directions. Bhaskaracarya alone has described the 
method of finding the shadow cast by the gnomon when the sun stands in 
any direction with regard to it. And on this point he proudly remarks ; 

Sanskrit 



♦Kulkarni has compiled works entitled Karana Siromani and Graha Jyotsna. I have 
not seen them and hence more information about them cannot be given. These work* 
are not printed. I understand that Keropant Nana had a high opinion about these works. 
Kulkarni was born in Malvan n Saka 1767 and died n &aka 1815. He was in service in 
the Education Department in Ratnagiri District from 1865 to 1875 AD., and, later on ia 
the Revenue Department till the end. He had also written a book showing the position* 
of stars which was printed in 1886 A.D. 
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Time is determined from (the length and direction of) shadow cast by 
the gnomon. The shadow is, however, mainly useful in setting up the *NaIika* 
sighting tube before observation. Following is the main method of setting up 
the 'Nalika' for observation :— To determine, beforehand, by calculation from 
the astronomical works the length and direction of the shadow likely to be casjt 
by the gnomon when set up in the light of the sun or any planet at a particular 
moment and then to set the sighting tube in that position for observing 
the planet. If the planet be observed in that position, then the position 
calculated from the book would be considered correct. 

Palabha is the name given to the length of the shadow cast by the twelve- 
angula gnomon at any place on the equinoctial day. Palabha forms the 
base, gnomon the perpendicular and the line joining the extremities of the 
gnomon and the shadow, the 'aksa-karna' (hypotenuse). The area bounded 
by this right angled triangle is termed k aksa-kseira\ This region of 'aksa- 
ksetra' has much importance in our astronomy. At many places, the 
measures of different items are calculated by drawing another figure similar 
to this 'aksa-ksetra'; and the Xdhikara on three problems devotes much space 
to problems associated with such figures. 

A list of latitudes and longitudes of some cities given in the Siddhdnta- 
Tatva-Viveka has been given (page 163) 

Malayendu Suri, a commentator of the Yantrardja, has given latitudes 
of 75 cities. The work has been printed and the latitudes are of some cities 
that have been engraved on the instrument devised by Sakharam* JoshL 
referred to before (in the footnote on page 233) :— 



City 



City 



O 



City 



O 



Srlrangapattan 


15 


27 


Janasthan 
(Nasik) 


20 


12 


Mathura 


Bijapur 


16 


42 


Bradhnapur 
(Burhanpur) 


21 





Madava 


Karavir 


17 


21 


Ujjain 


22 


37 


Indra-Pra 


Saptars! 
(Satara) 


17 


42 


Ahmedabad 


23 





Kurukset 


Naadigram 


18 


26 


Varanasi 


25 


36 


Kashmir 



26 36 

27 

a 28 40 
30 

35 

Lists like the above are now of no use, since the British Government has 
fetenmned very accurate latitudes and longitudes of thousands of places 
in this country. It will, however, be seen that our people had made efforts 
in that direction and one can also judge how accurate it was. 

W w?^ a commentary on the Pratod Yantra by Sakharam, wherein latitude 17° 41' 
£Ln ir av w en f % W ,°£ In ? <»? JWMDPlM- And Sakharam Joshi of Kodoli has also 
aX* L XL S. a! U h f }*} nv $* ot . &* tara - A, copy of the commentary was obtained at 
A»nta in tne baUm Dutnct. This indicates that the commentary definitely belongs to him. 
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. (4) (5) ADHIKARAS ON ECLIPSES OF THE SUN AND 
v h v ' • THE MOON 

That the cause of the lunar and solar eclipses is not the demon Rahu, 
K„t the earth's shadow in the case of the lunar eclipse and the moon in the 
^11 of Se sola echps was known since the times of Varahamihira and 
TZabhJia who ^ are thHidrst known 'human' authors of astronomical works 
WhSe ^Sclaring that he wom^ describe the cause of the eclipses m such a 
^tEXSkSrile the teachings of the Srutis Smrtis ^ *^gfi£ 
with the astronomical theory, Brahmagupta* observes J^ «ffl*J^ 
earth's shadow envelops the moon in the lunar ^^i, m ^^^SS 
it envelops the Sun at the time of the solar eclipse , and BhasKaracarya 
.also has explained the phenomena in the same way. 

Parallaxes 

The parallax of the moon has to be taken into consideration ir i the case 
of the sofar eclipse. Our works regard ^.»«^ a ^ lll 2£S?S»S 
equal to 1/15 of the planet's motion ; which means *^ e ? Ca?ed ^ith 
parallax of the moon is 52' 42" and that of the sun is 3 56 compa ed with 
the findings of modern astronomy there is only as g^t er f or m Modern 
of the moon's parallax ; but that of the sun is very much ^istaken Moaer 
discoveries show that the maximum value of the equatorial horizontal parallax 
is 57' T for the moon and 8.6* for the sun. 

Hipparchus has determined! 57' as the moon's parallax and 3 as mat oi 
^suC»Mc Ptolemy hzd found it to be 58' 14' for the m™™£ 5Uor 
the sun. It shows that our people have not taken these values from either 

Owing to the brilliance of the sun, the eclipse is not visible ; even if the 
twemh p g art is eclipsed ; whereas in the case ^ ."2?'. ^SS&rya 
visible even if the sixteenth part of the lunar or b ^ echpsed ' ^skaracarya 
has remarked that an eclipse should not be declared if it ^^^ Served 
comes to be less than this. Almost all other writers have snarly °»* erveQ 
that the eclipse becomes invisible, more or less within the same limits ot 
SJ^5i^ P But on 19th August 1887, there was a solar eclipse and the 
magnitude of the eclipse was 7/100 at Gwalior, w. e .^^ 
teenth part of the solar orb. It was seen ^^J^f^J^ ^n 
naked eyes, as also through a glass smeared with lamp-black and ^ it was ^seen 
quite clear.' He, however, found that it was very ' » jq ^o see sucn a ^sma 
eclipse with the naked eye, for the eye-sight is likely to be very mucn im 
jpaired. 

(6) ADHIKARA ON SHADOW 

Some Karana works do not give a separate adhikara ^ this subject The 
GrricMzhavc has given it separately. The chapter usually deals with the 
Satfon of daily rises and sets of all planets (except the sun), the time of 
'Sri?: remaining above the horizon i.e. length of their diurnal arcs, the length 
of shadow at any desired moment, observation et c. 

*See couplets 34-48, Gol&dhyaya in Brahma Siddhanta. 

**See verses 7 to 10 from Grahana Vasana, in Siddhanta Siromam. 

fSee page 127, of the Translation of S.S. by Burgess. Whitney WSJ : ^closeW 
valueTwere borrowed by Hindus from the Greeks, because the two agree ^ rather close^ 
Buttbis Is simply a biased view. Any sensible person will admit that in a case like this 
& he difference of even a few minutes must be regarded as considerable. 
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(7) HELIACAL RISING AND SETTING 

(Emersion and Immersion) 

The heliacal rising and setting of planets is a matter of great importance 
in our country. Religious rites like those of marriage etc. are forbidden 
when Jupiter and Venus are set* This has mainly raised the importance 
of this subject and it is believed to be one of the means to test the accuracy 
of astronomical calculations in the light of observation. 

When planets and stars are in the proximity of the sun, they are not 
visible before sunrise and after sunset, even though they are themselves on 
the horizon and the sun has not appeared above the horizon. The planets 
and stars thus continue to remain invisible for a week, a fortnight or for some 
months. After the stars and planets first become visible, their distance 
from the sun gradually diminishes till at last a day comes when they become 
invisible. They are then said to have 'set' on that day. Again, after they 
first become invisible beingfnear to the sun, their distance from the sun begins 
to increase gradually, till a day comas when they emerge from its light and 
become visible. This phenomenon is termed the *rise\ The diurnal pheno- 
menon of the appearance and disappearance above and below the horizon 
of the stars and planets is called the 'udayusta* (Le. rise and set) ; and their 
disappearance due to their proximity with the sun and reappearance, — these 
phenomena also are termed 'astodayd* (i.e. set and rise). It will thus be 
seen that the words *rise and set' are used in two senses. It is desirable that 
the two phenomena should be known by different names. These are 
distinct terms in the case of the moon. During the dark half of the month 
as the moon gradually approaches the sun, her distance diminishes, till on the 
new moon day she disappears and then makes her first appearance in the 
west on the first or second lunar day after the new moon day. The pheno- 
menon is then called Candra-dafrana (first appearance of the moon). They 
do not characterize it as the rising of the moon. It is similarly desirable 
to speak of the first appearance of stars and planets after they have disappeared 
owing to their proximity with the sun, as their Marsana* (emersion) and their 
first disappearance as the *adarSana' (immersion). But most of our astro- 
nomers have indiscriminately used the terms *Udayasta* (rise and set) even 
for the phenomena of appearance and disappearance due to their nearness 
to the sun and the same terms are in use at present. People give much 
consideration to the daily rising and setting of the moon and it is very necessary 
for them. Similarly people use to notice its first appearance when it is very 
near the sun ; hence in her case they naturally found it neeessary to use 
different terms for the two phenomena. But no one ever cares much to 
think about the daily rising and setting of planets and stars ; and hence 
it appears that they began to apply the term "rise and set" to their appearance 
aad disappearance depending upon their proximity to the sun. 

Social rites like the thread ceremony and marriages and so also penances, 
house foundation, etc., are not performed wben Jupiter and Venus are 'set\ 

*f^mft ^^ms^mfM^: v»ff to sten- n 



jfYCmsHA SlDDHAKTA PERIOD 33 E 

"Good people should as far as possible avoid performing social and 
religious ceremonies like 'Sanyas' (initiation into Sanyasi life), P"^ a jf 
to a holy place, penance, perforation of ears, thread ceremony, marriages, 
e?c? when CrV preceptor of gods, is in its fall or retrograde has ; very, 
swift motion, is in its 'childhood' or 'old age', or occupies the sign LEO. 

— Lalla 

"Visiting temples (places of gods) for darsana should not be ^deita^ 
if Venus or Jupiter are very young or very old, or if they are set , for these, 
conditions are as inauspicious as the intercalary month . 

— Brhaspati 

• The compilers of works on Dharmasastra have made ^»*™|£" 
other ^atemects. Now-a-days ceremonies hke marriage are postponed, 
only when Jupiter and Venus' are 'set' (heliacally). No « wn^c» 
to know their positions, like fall, retrogression or very swift motiom Anyway, 
of all the planets and stars the 'settingVof on y Jupiter and Ven us is ; taken 
as unfavourable for tfce performance of ^°™^™%1^^ 
are far more brilliant than the other planets As for the na k ?atras some 
naksatra or other is always set. The set of Mercury occurs about ««**£. 
dnri'na a vear The 'set' of Mars occurs after a long period ; but once it is 
seHl not visible for five months. Hence the fact that the 'sets' of Mercnry, 
Mars and naksatras are not treated as impediments to the ^fonnanceof 
reugious rites 'shows the tendency of Dharmasas ra * "^ » *"Jg 
™h practical life. Again, it should also he borne in mind that the comprier*. 
of Dharmasastra did not consider whether to accept or reject the set ■ oi\ Saturn 
?or daily affairs, even though it did not come in the way of I*™**^- £ 
set may not have been considered worth rejection because it happens to bt 
a malefic planet 

A olanet that is due to 'set', rises in the east, actually sets (heliacally) when 
the^ftScebetween the moments of sunrise and that of the plane* 4jft" 
ri£ becomes less than a particular amount of time and it «ses (hehacally> 
whensuch difference exceeds that amount of time. Similarly the planet . s 
^and set in the west are governed by the difference in the foment of 
siLct and that of the planet's daily setting. Rules like these had been 
SSd by our ancient astronomers. For example, Jupiter rises or set! 
(heliacally) when a difference of about 110 palas occurs between the moment 
ofXdaily rising and setting of the sun and Jupiter. The dmrnal rotat on 
of the earth carries the planets through 1° in 10 palas which f^ 8 U^m HO 
£fcs. Because these degrees (amsas) are related to time (kala) they are 
termed 'KalamSas' (time expressed in degrees). It has been mentioned that 
when a difference of 11 'kalamSas' occurs between the sun and Jupiter Jae 
latter either rises or sets. The followiog table gives the Kalatpias relating 
to planets, as mentioned in different works :— 
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Out of these, the Kalamsas of Ptolemy*, are true for the planets when 
they are situated in the sign of Cancer and those for Mercury and Venus are 
related to their western sets. 

The kalamsas given by Keropant in his Planetary Tables are the same 
as those given by the Arya Siddhanta. He does not appear to have given 
them as determined by his own experience since they are not found completely 
to agree with observed results. 

The compilers of the almanacs, published by Ganpat Krishnaji and the 
JNirnaya Sagar Press, calculate the rise and set of only Venus on the basis 
*u kalamsas of the Grahalaghava. The times of the rise and set of all 
other planets in these almanacs and even those of Venus in other almanacs 
following the Grahalaghava system, are calculated by a crude method given 
by the Grahalaghava. Other almanacs in this country may be finding the 
rises and sets of planets on the basis of Kalamsas given in the works which 
they may be adopting as their authority. The new almanacs compiled with 
p e ~ ~. p °* tn ® Nautical Almanac viz. the Keropanti i.e. Patwardhani 
Fancanga that by Daivaji at Varanasi and our sayana almanac find the times 
oi the rise and set on the basis of kalamsa figures given by some ancient work 
or other. Not all the timings thus eaiculated are found to be correct in the 
case of any almanac. Some of them are correct and some are not. Now 
it is true that they are not as often wrong in the case of the new almanacs 
* s m that of the old ones. 

*See page 223, Translation of the S.S. by Burgew. 
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Some persons begin to maintain, therefore, that the calculations of even 
the new almanacs are at times as wrong as those of the Grahalaghava, simply 
because some of the timings in the new almanacs appear to be incorrect, 
without caring to consider why they seem to be incorrect. It cannot be 
argued that the calculations of the new almanacs are erroneous because the 
times of rises and sets given by them are not sometimes found to be correct. 
It can be proved from plenty of other evidence that their calculations are 
correct. The reasons for the failure of such timings are quite different. The 
main reason for the failure lies in the error in the Kalamsa adopted. The 
planetary places as obtained from the Grahalaghava are at present found to 
be always erroneous to a certain extent. If the rises and sets calculated from 
it are sometimes found to be true it is merely by coincidence. In order to 
determine the Kalamsas for a planet, either the^ difference in the moments 
of day to day rises and sets of the sun and the planet should be actually 
observed ancl recorded or they should be determined by calculation on the 
basis of the calculated positions of the sun and the planet. The sun, however, 
is immediately visible when it comes to the horizon. But the chance of 
observing the rise or set of a planet lasts for a short time before sunrise or 
after sunset. But as there is twilight at that time no planet is visible when 
it is on the horizon ; it is visible only when it is somewhat above the horizon. 
Hence, the difference in the daily rise or set of the planets and the sun cannot 
be found correctly by actually observing them. Even if it were possible to 
have some means by which to find them, there was no possibility of people 
in ancient times possessing fine instruments for measuring time and angles 
with great precision as at present. Again, in order to find by calculation 
the difference in times of the day to day rises and sets of the sun and the 
planets from their positions at heliacal rises and sets, it is necessary that the 
positions be very accurately known. If it be correct, in other words, if it be 
accurately known that a particular planet is occupying a certain position 
or is situated at a particular distance from the sun, the time would be correctly 
•calculated. But we do not think that in those ancient times when the 
£alam&as were determined, the calculation of planets' places used to be 
extremely minute-in fact, so minute that there would be no room even for the 

error of a 'pala* in the timing of daily rise and set. 

*. •* 

On account of these reasons, there was every possibility of errors having 
crept into the kalamsas determined in those times. If the kalamsas that 
are the very foundation of determining the (heliacal) rise and set, be erroneous, 
how could the times of the rise and set calculated on their basis found to be 
correct ? 

In the sayana almanac we adopt 11 as the kalamsa for Jupiter ; hence, 
we can say for certain that the difference in moments of the daily sets of 
Jupiter and the sun is definitely less than 110 palas on the day which the 
almanac has shown as the day of Jupiter's heliacal setting and can be verified 
and found correct by other means. But it is a difficult question altogether 
whether Jupiter will definitely set on that day on which the difference in times 
of the daily sets of Jupiter and the sun becomes less than 1 10 palas. Perhaps 
the set might take place a day or two earlier or later, and even it so happens 
it does not follow that the calculations of the new almanacs are wrong. It 
can, at the most, mean that the kalamsas of Jupiter ought be changed to a 
quantity more or less than 1.1°. . 
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In the present times we have the means to test the accuracy of the places 
of planets and instruments to record the time correctly. The KalamSas 
should be determined in such times. An attempt was made to do this for 
six or seven years up to Saka 1811 ; but later on the author did not get leisure 
owing to several other pursuits. His eyesight too began to grow weaker 
aradually but still he is carrying* on the observation work to some extent 
personally and with the help of keen-sighted students. 

Mr Gofal Ballal Bhide**, a member of the group interested in the 
savana'almanac, helped him much by his efforts in this direction. The work 
of finally determining the rules for the heliacal rise and set of planets, after 
coordinating the results of all our observations has not yet been completed. 
The rises and sets of saturn„usea to occui mosuy in me rainy season or aoout 
that time during five years preceding Saka 1811 and hence we did not get 
an opportunity for observing them. We got the chance of observing the 
Bhenomena about Mars only once or twice. If any of the readers feels 
inspired by this and communicates to him his experiences in this subject, 
he would be doing a great service to the Science of Astronomy. The sky 
is sometimes cloudy even in summer ; the planets when they are on the 
point of rising or setting, are situated very close to horizon. Many such 
obstacles come in the way of taking observations. It has, however, been 
aathered from experience, that the kalamsa mentioned in our old worns 
are tolerably accurate. It is true that Mercury and Venus appear brighter 
when they are retrograde; however, the variation in their kalamsas mentioned 
bv some works as due to their direct or retrograde motion is far from correct- 
as a matter of fact one may safely say that the variation is next to nothing. 

A Noteworthy Peculiarity 

A peculiarity relating to rise and set has come to the notice, which had 
not struck any author of our ancient works. When planets are about to set 
or rise heliacally, they are situated very near the sun. Their visibility depends 
upon their luminosity ; and the luminosity varies according to their altitude 
i e height above the horizon ; and even if the time-interval between the 
planet's diurnal rise and sunrise be the same at different places on the earth, 
still the altitude of the planet would be different. Its altitude at a place m 
latitude of 25° North would be less than that at a place in latitude 15° North 
and accordingly the luminosity wil be less ; and its (hehacal) rise in 25 
North latitude will take place some days after it has occured at a place in 
North latitude 15°, while its set will take plaee earlier. It can be mathe- 
matically proved by means of a diagram that even when kalamsas be the 
same, that is to say, even if the time-interval between the daily rise or set ol 
a planet and that of the sun be the same, their altitudes and hence their 

*The author had written an essay on the subject of rise and set of planets in the 
Srisktifnan, a monthly Journal formerly published m Bombay, m the issues for May, June 
and July 1855. A chapter on the same subject, in his book Jyotirvilas may also be seen 
in addition to this. 

**Gopal Ballal Bhide used to take a keen interest in observing celestial phenomena. 
He was born In Saka 1778 at Nirvedi, in Ratnagiri District and died m Saka 1812 He 
was in the service of the Education Department in tnat district from 1874 A.D ^ to > the end. 
He had recorded several observations about the rises and sets of planets, and had also seen 
the rises and sets of the junction stars of some of the naksatras. Had he lived longer, be 
-wouldbavel been of great use in promoting the cause of the Schence of Indian Astronomy. 
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from wtat foilows. Tnetwtf.ght S toTtokgi Tme mTnl""^' 0011 
oar c^ntry. If Venus, for i^taaec, rose (diunS ™ -.- ^?. '. a ^„ taan .; n 

-it^ose there h min., earned Z"^^^^ <"££<£ 
win nut uecur mat uay, bui a umuoci ui days ailcrwards !r v~™ 6 

nortii deciiDation, and if it rises 32 mm. before t^ suTm our country 2 will 
have its daily nse m England more tnan 32 mm. earlier i meam'tlTS 

- Wr ,;orth of equator ; and secondly a is oeUc, ! u SS^tt Se r,?, f" 

»a. nse ^ Mt on *• basis «■ ~"^t^7^ 

These considerations about the factor of altitude and the «wh~ > 
experience at Barsi (lat. 18° 13) have convmced Km tha tiff',- °^ 
^entioiied in our old works were determined^ our own countrv A^ 
kalamsas of Ptolemy it can be easily seen that thev had ™ ™ ?* As for 
soever with our works. On the contrary It can oe s£d ZT» i"** 
■ialaipsas that they had hot been determined though experience ar^T?* 
mined, the positions of planets on which they were based Sr^' tf det f r " 
he might have committed some other error The kaTamsI of M^f' dse 
and Venus do not amount to BBytimgl^h U il^^^^^ , ^ 
latitude. These must therefore be greater »t au a ■ ' 5 • 8 at 18 nort h 
Hence, it follows tta^TSitoi^^^^^^ 31 ° "m 
by Ptolemy as 141°, llF,and5r are ccaJKSi^ 
use and set, as also the altitudes, true for a particular 2* i„ k J ? sas - for 
with precision. Even when tosi are so ^deteVm ined t£ » * detennj ned 

kalamsas will be found to vaVSse olm^on heht tEPEER FF fding 
at times near the horizon and the relative7tre?g°tS ^££^%&£? 
The clouds too serve as another obstructive factor ZTJ ^-sight*. 
that our authorities on Dharmasastra have recomm^H 4^ WaS ? roper 
few days after and before the matLmatSy obSd d«l ^ T^ 1 ?* ° f 
and sets, because of 'childhood' and 'old age of ?S pla^l P ^ 

* 

' The kalamsas which are based on actual exivri^^ »„a t.- i 

^■as-i 7 ^K* see «s. sra*^ 

^ »It has been my experience that if a weak-sighted person mav noTbe akw. t« „ /C »"" 

of a planet even for three or four days after it has been ^LhJJV ■£* Seethe *** 
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(8) *£ri>igonnati' 
or 
Elevation of the Moon's Cusps 

11 .♦;,«, «f thfe moon's disc is illuminated in the first week of- 
A very small V™^™™ mgs faalf of the month> It is 

the bright ^^^^S^ftiSmoon). The subject matter of the chapter 
tttm^^X^O^^f^t^Xmo^s cusp would appear elevated 
on Srngonnati is to &^ what end ot m ^ ^ be iUuminatcd 

and^in what ^^^Sfffi^lho time of sunset and on latter days 
on the earlier days of the brigni nau fcgt Qr secon(J lunar 

of the dark half at about sunrise a ™ P*™™ * puxtaux takes place. The 
ty of the bright hatf ^*^°"& «JJ ^ ^ ^.^ 
Samhita works discuss at S^Uengt a ^ d ^ of the sun , and the 
m oon;s cusps. The moon ^^~lc on which the sun stands. This 
moon's cusps will *V f™\™™™ ih good or evil events on the earth ; but it 

ZZ&^g^fi*^ WhCn ^ Ieal CaUS6S " 

(9) Conjunctions of Planets 

When two planets com; ^^^^.^^X^^^ 

disSnce between them, *orJ to souA, «xa romg intermingle , or whea 

at the moment of conjunction, their «»?* «® r th are said t0 be having 
£* north-south distance , « ^^^^L^ said to have formed 
yuddha (fighting), ^ * *° * 8 ^Sc ^B of planets would simply touch, 
a ftiW^-fr^^^^B^od" ie. formed an '«/«"*' and when the 
they would be said to have j S^ zed J £ have formed a M«fa; (^.penetra- 
tes penetrate eacl l other they are sa !^ eda , and . other types of conjunctions 

^ d^^tgtl^ t^z 

Et^"^ »* ^ * sc by venus 

(Pages 163-164). 

(10) Bha-graha-yuti 

OR 

Conjunction of Planets With Stars 

LONGITUDES AND LATITUDES OF STARS 

This chapter describes the c^^^^^^^S^ 
the Action-stars of naksatras and _fo "this V™f™ are iven< The ngur es 
and latitudes of junction-stars and ^ t ^^ 

denoting longitudes are generally c0 " e **^^ 'Bhoga' (longitu- 

frSey are governed by the ^owing^ ;°^f a Xh e point where the perpendi- 

^h^ < ^^^^^ r& ^ T ^ longitudes 
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latitudes in certain works conform to this definition. Bhcga (longitude) 
is the ecliptic arc between the initial point and the point where the perpendicu ar 
drawn from the star to the ecliptic cuts the ecliptic : and the perpendicular 
so drawn is the Sara (latitv.de). The pole of the ecliptic is also known as 
Kadamba. Let these longitudes and latitudes be, therefore, called 'kadamba- 
bhimukha' (facing the pole, kadamba). On pages 338 and 339, later on, 
have been given the polar latitudes and longitudes of stars, as given m six 
works. The polar longitudes and latitudes of those* stars which in the author s 
opinion, should be regarded as junction-stars are also given The correction 
due to 4 avana-drk-karma' is not always the same owing to the shitting ot the 
eqinoxes.' Hence the polar longitude of a star will not always remain the same. 
It may be partly due to this reason that the longitudes of stars mentioned in 
six works, which have been given below differ from one another to a certain 
extent ; some differences may be due to the fact that different stars might have 
been adopted as junction-stars. The dhruvas (polar longitudes and latitudes) 
mentioned by the Surya-Siddhanta, Brahmagupta Siddhanta and Lalla Tantra, 
belong to a period when the amount of ayanamsa was exceedingly small. 
About this Bhaskaracarya remarks : 

^(m^ mj% 3TTT: Wrf <re\ftfr: II ?^ II 

"Thus have been mentioned (in the absence of any ayanamsas) polar longi- 
tudes, after the application of the 'drk-karma', and also the apparent latitudes, 
by ancient Risis, for the sake of convenience" .-Sid. Siromam, chapter on 
conj. of planets with stars. 

The works of Brahmagupta and Lalla do not refer to the motion of the 
ayana-point and the S. S. does refer to it ; still the longitudes of the stars given 
in the latter agree for the most part with those mentioned by. Brahmagupta 
and Lalla. This shows that Bhaskaracarya' s remark applies to the longitudes 
given by all the three works. Some figures showing longitudes and latitudes 
in the Sundara Siddhanta are missing, because the procured copy was very 
inaccurate and those figures were unintelligible. 

The polar latitudes and polar (sayana) longitudes for 1887 A.D. of the 

iunction-stars as adopted by the author, have been calculated from their right 

* ascensions and declinations given in the French Connaissance-des-Tempes. 

I The longitude of Spica thus obtained is 201 °' 26' 16\3. Assuming the 

£ longitude of Spica to be 180°, the author has mentioned in the column 

headed "his opinion" the longitudes of all stars after subtracting from their 

i (Sayana) longitudes the ayanamsa figure 21 °-26'-16\3. These are true 

' for Saka 1809. The latitudes also are true for the same year. But because 

the longitudes are nirayana, only a very slight variation will occur in them 

with the lapse of time. If Mu Piscivm be assumed to be the star at the initial 

point, the longitudes of stars according to "his opinion" will have to be reduced 

by 1° 20'. — 

"These very stars have been adopted as junction-stars for giving moments of conjunctions 
in the sayana almanac since fcaka 1815. ^The European names of such junct.on-slars as 
have been selected by different researchers may be seen in tables given later on. 

1D.G.O./69 23 
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The celestial latitudes and longitudes calculated from the polar latitudes 
and longitudes given by the Surya-Siddhanta and the Brahmagupta Siddhanta* 
have been given in tables on pages340-341 . The latitudes and longitudes given 
by the second AryaSiddhanta appear to be celestial (based on the pole of the 
ecliptic) and hence are given in the same table. It has been clearly mentioned 
in the Sarvabhauma Siddhanta that the longitudes and latitudes given in it 
are celestial and hence they are also given in the table. The celestial latitudes 
and longitudes calculated by the author and Ketkar were first calculated from 
the French or English Nautical Almanac. Longitudes given by Ketkar are 
nirayana and are measured from the star, Zeta Piscium, which he assumed 
as the initial point, and his ones have been calculated by assuming the longitude 
of Citra to be 180°. Otherwise, our figures are, in fact, identical. Seven 
of his junction stars are, however, different from those of Ketkar. Their 
longitudes and latitudes are, therefore, actually different. The author has 
given two figures for the star Revati. The first belongs to Zeta Piscium and 
the second to Mu Piscium. If Mu Piscium be taken as the initial point, 43 
"minutes will have Jo be added to the longitude of each star. 

The Pa:Scasiddhantik.a has not recorded the polar longitudes of stars 
as given in the original Surya-Siddhanta. It appears that they had been given 
in the original. Aryabhata I has mentioned nothing about the junction 
stars of naksatras. Bhaskaracarya has adopted the polar longitudes and 
latitudes of naksatras from Brahmagupta. 

Al Beruni has quoted latitudes and longitudes as given by Brahmagupta, 
some of which are different from those given by the author. They are :— 
longitude of Uttara Bhadrapada, 336° ; latitude of Mrga, 5° ; of Aslesa 6° ; 
and of Mula9i°. Some error in this respect appears to have crept into Berum's 
work either in the original or in its later transcriptions. The figures denoting 
Brahmagupta's longitudes and latitudes are given in code words in verse form 
in the original, and they are the same, both in the Brahmagupta Siddhanta 
and in Khantfakhadya ; and the author has collected thjem from four different 
copies of the work, so that there is no douty about their reliability._ Brahma- 
gupta has in the beginning given the latitudes of Krttika, Rohini, Citra, Visakha, 
Anuradha and Jyestha respectively as 5, 5, 2, If, 3, and 4 and Beruni has 
quoted them thus.' But Brahmagupta has immediately added that these 
latitudes must be reduced by certain number of minutes each. Accordingly 
his figures have been given after reduction, but Beruni has not done so. The 
latitude of Mula has been given in the original as "ardhanavama"^ Beruni 
has assumed this to be 9|°. But the word "ardhanavama" means 8|°. 

As for the polar longitudes, according to the modern Surya-Siddhanta 
given above, there is a difference of opinion about Ardra. It appears from 
the remarks of Ranganath, the commentator of the Surya-Siddhanta that 
according to Narmad, the longitude of Ardra is 73° 47', and according to 
Parvat, 73° 10' ; and he also adds that according to popular view, it is 74 DU . 
But the longitude of Ardra as given by the Sakalya Samhita is 67° 20 only 
and Ranganath has accepted it**. Kamal akara, the author of the Siddha nta- 

*TheTongitudes and latitudes of the S.S. have been given as calculated by Whitney by 
the methods g.ven in that Siddhanta, and those for Brahma Siddhanta have been taken irom 
Bentley's book and they are calculated by Bently himself. 

**The polar longitudes of stars as given by the modern Surya-Siddhanta, the Romasa, 

Sakalya's Brahma Siddhanta, and the same are given m unite of tenminutes each measurea 

from the initial point of the corresponding naksatra division. The Surya-Siddhanta has 

cited the longitude of Ardra as "abdhayah" i.e. 4. . One comes across other reading also 

1 ike "gobdhayah" meaning 49, and 'gognayah' meaning 39. 
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tatva-viveka, has accepted all the longitudes and latitudes as in the Surya-. 
Siddhanta, but has taken 74° 50' as the longitude of Ardra. The modern 
Romasa Soma and Sakalya's Brahma Siddhantas are followers of the Surya- 
Siddhanta and these contain the same longitudes and latitudes of stars as 
in the Suyra-Siddhanta. There is, however, a difference of view about Ardra. 
Sakalya's Brahmasiddhanta has given longitudes and latitudes as_ mentioned 
above The Soma Siddhanta gives 74° 50' as the longitude of Ardra. The 
fieures for all the remaining longitudes and latitudes are identical with those 
of the Surya-Siddhanta. The author had procured two editions of the Romasa 
Siddhanta Some of the longitudes given in them are different from those 
of the Surya-Siddhanta but the difference seems to be due to copyist s errors. 
One may safely say, therefore, that the polar longitudes and latitudes given 
by the Romaia Siddhanta are almost the same as those of the Surya Siddhanta. 

In the Surya Siddhanta, the longitudes and latitudes of Agastya (Cancpus) 
Vvadha (Sirius), Agni and Brahma have been given in three verses (Adhikar a 8) . 
But they are not immediately followed by the verses relating to Prajapafti , 
Anamvatsa and Apa have not been immediately gl ven. The longitudes and 
latitudes of Prajapati and the other two stars have been repeated in verses 
20 and 21 in the end. It, therefore, appears that these verses may have been 
?Lrpolated at er on . In the 9th AdhiUra (Chapter) certain stars which 
never set are mentioned and they include Bratmahrdaya as one. Hence, 
Praiapati-one of above three stars-ought to have been included in the : list, 
because the latitude of Prajapati is 8° more to the north than that of Brahma- 
hrdaya In spite of this it has not been included, which shows that these 
verses may have been interpolated later. However, one of these stars, Apam- 
vatsa S deferred to in the Brhat-Samhita*. This shows that all these three 
Itars were known in Saka 427 also. Prof. Whitney** observes that the star 
Praiapati Apamvatsa and Apa have not been mentioned m SSJcalya s Brahma- 
Santa, bur that is wrong They occur in all the three siddhantas, Sakalya 
Bmhma. Romasa and Soma. Of these, only Apa has not been mentioned 
by the Grahalaghava. Sakalya's Brahmasiddhanta has given the longitudes 
and latitudes of Saptarsis (the Great Bear), which are not found in any other 
work The Yantra Raja has given sayana longitudes and latitudes of 32 
stars. The Siddhanta Raja has given those for 84 stars. 

NUMBER OF STARS IN ASTERISMS 

Some naksatras consist of only one star and some have many In the 
case oTthose'which have many stars, their junction star is indicated by its 
Position arc 5 description by Surya and three other Siddhantas, and these 
descr lions' are almost similar ; but they do not help in identifying ; the junction 
sta correctly Of the four Siddhantas, the Sakaiya Brahmasiddhanta alone 
has mentioned the number of stars in each naksatra, while others have not 
A m ?re indication of the direction without the number of stars is not of much 
av™ ApartCm W kalya Brahmasiddhanta, it is only the Khandakhadya 
among ofher astronomical works which has mentioned the junction stars 
. afalso the number of stars in the naksatra. They are found in some Samhita 

^'Samamutta^aTaTa chtrayah kirtyate apamvatsalT-meanmg "The star Apamvatsa 
isdescriS?" Sated exactly to the north of Chitra"_Br>hat-S a n 1 hita, Chapter 25, 

Verse 4. , _ 

**See page 218, Translation of the S.S. by Burgess. 
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works. Opinions differ regarding the number of stars in a naksatra. On 
page 344 the number of stars in ntiksatras have been given in a tabular form 
according to 1 1 different works. First come those stars which can be definitely 
known on the basis of information gathered from the Taittiriya Srutigiven 
in part I. Naksatra Kalpa* is an appendix to the Atharvaveda. Mahadeva, 
the commentator of Sripati's Ratnamala has given the number of stars as 
mentioned by Lalla and those have been reproduced here. These may pro- 
bably have been borrowed from the Ratnakosa. 

From all considerations, it appears that although there may be a difference 
of opinion regarding the number of stars in each naksatra (astern m) there is 
no difference of opinion as regards the identification of any 'cluster of stars.* 
The word sata' (hundred) in the name satabhisak' has led to the misunder- 
standing that it contains 100 stars and hence the name Satabhisak was changed 
into Satatara. But this belief seems to have been current since the time of 
Varaha Mihira. Similarly, in the opinion of all, the latitude of the junction 
star of Revati is zero ; .and the longitude also is very nearly zero. Hence, 
there is no difference of opinion about the junction star of Revati. There are 
several stars situated near it in the cluster forming the shape of a Mrdanga 
(tabor). But it is not that they are exactly 32. It is not known on what basis 
the number was fixed ; but this number too has been handed down from 
Varaha's time. If the regions occupied by all the remaining naksatras in 
the sky be seen, it will be found that every assumption regarding the number 
of stars has some basis or other. Hence the numbers of all authors are 
justifiable. 

Among the European scholars Colebrcoke has made a comparative study 
of our naksatra system and that of the Arabs, and has considered in full details 
the question of the names and places of our junction stars in the light of the 
European system. Sir William Jones had done it (in 1790 A.D.) before him, 
but it was inadequate. Colebrooke's thesis on this subject was published in 
Vol IX of Asiatic Researches, in 1807 A.D. from which the stars acceptable 
to Colebrooke, have been given in the above table. The efforts made by 
Colebrooke have been of much use for later investigators. A book entitled 
A Historical View of Indian A&troromy by Bentley was published at Calcutta 
in 1823. He has considered in it the stars on the basis of their longitudes 
and latitudes given by Brahmaoupta. The junction stars of his choice have 
been given from the book in the above table. Among these, he has given 
only Algeib as the ftar for Uttara Bhadrapada. Keropant, however, has 
taken Alpheratz in its place. Excepting this, Keropant has taken all the stars 
as in the list of Bentley**. In addition to the above, Bentley has suggested 
some other stars as alternative. They are :— Gamma Arietis for Asvmi ; 
113, and 117 Tauri for Mrga ; 50 Cancri for Aslesa ; 71 Leoms for Purva 
Phalguni ; 8 Corvi for Hasta ; 35 Scorpii for Muia. Whitney has made a 
very deailed study*** of ttis subject ; and has deteimined the juncucn stars 
after careful consideration. Baiudeva's Junction sttrs ha ve been given 

*The author has not yet actually seen the works Naksatra Kalpa and Vrddha Garga 
Samhita himself. He has quoted the number of stars from the information given by Froi- 
Thibautin Indian Antiquary, Vol. XIV PP. 43-45 Prof. Thbaut has quoted the lines 
from Vfdha Garga Samhita and Khandakhadya. The author has corrected an error 
committed by him regarding Revati and Aevini. 

"* * See pages 324-25, Planetary Tables. 

***See pages 175-220, Translation of S.S. ' 
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in the above table from the list given in his English translation of the S.S.* 
All of them** are according to the choice of Colibrggke. But Bapudeva 
has changed seven of them in his almanac. Thus, he has abondoned_ his first 
choice in the case of the junction stars of Asvini, Aslesa, Visakha, Mula, 
Uttarasadha, Dhanistha, Uttara BMdrapada, and substituted Beta- Arietis, 
Epsilon Hydrae, 24 (Iota) Libra, Lambda Scorpii, Sigma Sagittarn, Gamma 
Pegasi; and it is easily seen that these changes are made in conformity with 
Whitney's views. The author has given the junction stars acceptable to 
Venkatesh Bapuji Ketkar, from the list which he supplied. He has attempted 
to establish as much agreement as possible between the longitudes and latitudes 
of the stars given in our ancient works and those of the stars determined by 
Colebrooke and others. He has, however, attempted to see that m addition 
to the above point that the distances between consecutive junction stars be 
as near to 13°20' as possible, so that they would be found to occupy a place m 
their own divisions. It is not proper to adopt a star from the constellation of 
Mrga as junction star of Ardra. The line "ardraya rudrah pathamana eti 
(Tai Br 3.1.1) suggests that God Rudra accompanies the constellation of 
Ardra. The star adopted by the author for Ardra transits the meridian 
only 9 minutes earlier than Sirius. There is no other bright star nearer to 
Sirius in that region. 

The above table will show that there is unanimity of opinion about the 
following 14 stars :— Krttika, Rohini, Punanasu, Pusya, Magha, U. Phalgum. 
Citra, Svati, Jyestha, Abhijit, Sravana, Satabhisak, P. Bhadrapada and Revati, 
Opinion differs regarding the rest. There is no sense in trying to see whose 
opinion seems probable, because, it cannot be at all claimed that the longi- 
tudes and latitudes of stais given in our old works agree completely with those 
of all or some stars chosen by any one of them. The longitudes and latitudes 
of stars given by our works may not be found to agree either because they have 
not been recorded accurately or because, it is not known to what time they 
belong; or else, because, they have been calculated by the modern method of 
calculating ancient longitudes and latitudes, which itself may rot be quite 
accurate. Nevertheless the fact remains that they do not agree. Hence, those 
stars are to be deteimined as junction stars whose co-ordinates agree at least 
approximately. It so often h£ ppens that one out of the two or three stars in a 
naksatra shows a close agreement in point of latitude but not longitude, while 
quite another agrees in point of longitude. This being so, seme have laid a 
stress on the agreement in latitude asd others in longitude. Seme others 
have paid attention to the direction of their position in the group. Thus each 
author has paid attention to the direction of their position in the group. Thus 
each author has some point or other to support his view. When once it is 
decided that a particular naksatra is the same as some particular cluster of the 
present times, i.e. Bharani is the same as Musca known to Europeans, the 
question of deciding which star in the cluster is the junction star naturally 
r emains controversial. If, however, seme one adopted some star outside 
the cluster as junction star, it will be a mistake unless he has seme ground 
for doing so. Thus, for instance, there is a cluster of star visible m the sky, 
known as Mrga and its Sirsa" (i.e. the head of the antelope ; Orion). One 
of the three stars forming the head of the antelope mu st be taken as the junctio n 

*In the Bibliotheca Ifdica New Series, of 1860, A.D. he has taken Musca for Bharani *» 
but in the almanac, he takes 35 Arietis, and hence the author has given the latter m the table- 
**It appears that Pi Tauri has been wrongly taken in place of Eta Tauri through ait 
errorr in printing. 
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star of Mfgasirsa. But Keropant's star is outside the region. This is of 
course an error. All works have described the shape of the naksatra MQla 
as resembling the tail of a lion. But Ketkar's star remains far away from the 
cluster and hence should be taken to be erroneous. The planetary tables by 
Keropant have given by mistake 27° in place of 37° as the declination of Mula; 
Keikar appears to have committed the error because of this. Apart from 
these considerations every investigator can be said to be justified in his views. 

CATALOGUES OF STARS 

Hipparchus (150 B.C.) was the first in Europe to prepare a catalogue of 
stars showing their longitudes and latitudes after taking necessary observations. 
It is not at present available; but Ptolemy after making allowance for ayana 
motion, prepared another catalogue (138 B.C.). It is at present available in 
his work entitled Syntaxis. It contains 1022 stars, grouped into 48 constel- 
lations. A second Catalogue after this, was prepared by Ulugh Bey, grandson 
of Tamerlane, and Emperor of Samarkand in 1437 A.D. It contains 1019 
stars. Another catalogue containing 777 stars was prepared by Tycho Brahe, 
in 1600 A.D. Afterwards, several catalogues were prepared in Europe. No 
one in our country appears to have prepared such a catalogue by taking actual 
observations. Mahendrasuri has, in his work Yantraraja, given polar 
longitudes and latitudes of 32 stars from the works of Greeks. Maiayendu 
■Siiri, the commentator of that work observes," 

TOt^t ;T$T5Ffr# ^^nm grf^qftflra^r ?°^ ij^mf^r i cro^*^- 
wtq- qmJ qswfrsf w^[ f^T *KtT3>*frfa srf*rci^ ^tst^ vjttffa i 

spsrrc l *?fta Rl — 3* 2far- 

"According to the Greek work, there are 1022 stars described from the 
celestial globe. The author of this work, after studying the starry globe, has 
selected only 32 useful stars out of them." 

The catalogue of stars referred to in this, appears to be that of Ptolemy, 
as can be seen from the number of stars which is 1022 and from the date of 
the writer and that of the commentator (pages 230-231) It seems to have 
come to this country through the Muslims; but it does not appear : .o have 
gained currency or came into use. 

IDENTIFICATION OF STARS 

Now-a-days we do not generally find Joshis who can correctly point out 
at least all the naksatras, let alone their junction stars. Colebrooke remarks, 
"None of the native astronomers, whom I consulted, were able to point ou 1, 
in the heavens all the asterisms for which they had names." Beruni observes*, 
"I took great pains in this respect; but I did not come across a single Joshi 
who could point out with his finger the junction stars of all the naksatras 
by merely looking at them." Even in the present times, a Joshi who can 
point out the junction stars can be rarely found. There are several Joshis 
who are unable to point out even the naksatras. One?, a Joshi who was very 
proficient in preparing horoscopes and selecting muhurtas came accross the 
author. This Joshi did not know that ihe naksatras are seen in the sky in 
order from West to East; he was under the impression that Asvini and oiher 
naksatras are seen from East to West in the sky. However, we do find some 

"■INDIA II, P. 83 
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people who can recognize most of the naksatras. Or.ce the author happened 
to meet a Vaidik BrvJmar.a, ncmed Phaphe/^ m Chaul in the Colaba district 
He knew all the naksatras. He recited a verse showing how to fird the 
length of the night by observing the star transiting the meridian. It is given 
here because of its much usefulness. 

Khau Kha J a Tri Gu Chu Gai/ Cho Chho Bhu 1 vuk 

102 112 128 140 153 156 183 196 197 " 

Chha Khi Tri Ku Chu Chhe Ko Dvi 2 yuk 

217 232 240 251 266 277 291 

nau Kha Chha nj Ku Ghu Tri 3 yuk 

305 312 327 345 351 354 

Kha Ja Ku Chu Ghe Gho 

12 28 51 64 74 94 

When the naksatra Asvini is transitirg the meridian, the ascendant at the time 
is 102° (that is to say 12° of Cancer have risen at that time). It thus gives the 
degrees of the ascendant in the case of 28 naksatras. The time should be 
determined by the useful method of finding the (unknown) time when the 
ascendant is given. This quotation is based on the numerical cede (Page 97) 
of Aryabhata II, in which the consonants la, ta,_pa, ya, etc. indicate minerals; 
but in addition to these the vowels a,a, i,i,u,u,e,ai, o,au, also indicate the 
natural numbers from 1 to 9 and respectively. 1'he Mihurtasindhu by 
Ganesa Daivajna contains* three verses > having the same meanirg. The 
numbers indicating ascending degrees have been given in it by usual method, 
and it has been mentioned there that these are true for a place of Pakbha 4, 
and that for other places these values would vary. From this and also from 
the fact that the village of Chaul is very near to Nacdagaon where Gar-nesa 
Daivajna lived, it appears that the quotation 'Khau, kha, ja' etc. and naksatras 
known to the Yaidic Brahmana mentioned above must have been handed** 
down traditionally from Ganesa Daivajna. 

ORIGIN OF NAKSATRA SYSTEM 

The Chinese, Persians and Arabs had the naksatra system in common use 
among them. Hence, European scholars raise the question whether the 
naksatra system was evolved by the Hindus independently or borrowed. frcm 
other nations, and attach much importance to it. But I do not consider it 
\ery important, because, the decision of the question whether the entire 
system of mathematical astronomy has been independently developed by 
the Hindus or borrowed from others does not depend much upon the decision 
of the question who originated the naksatra system. It is not that the know- 
ledge of planetary calculations is bound to follow immediately the knowledge 

*They give 263° as the ascending degrees for Spica and 61° for Sa'a tar.' ka. Tf In the 
above quotation the correct letters be 'gu and ku' In place of 'chu and ku' the agreement 
will be complete. 

**When the Vat'dic Brahmana showed him the naksatras, he pointed out the wrong ones 
as Revati and Visakha . Of these two, the star wh ; ch he showed him as Revati was the same 
as the one shown to J.B. Modak by a good Joshl from Ratnagiri. The same star was identi- 
fied as Revtl by another good Joshi of Dhulia. One wonders how the same kind of error 
crept in at three places which are not related with one another. But it is not at all probable 
that the error could have originated with Ganesa. The author's book, Jyotirvilasa, contains 
the description of naksatras and one can easily learn how to recognize nak s t,i. t without 
any one s help. 
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of naksatras, or that the nation that establishes the naksatra system can alone 
establish the theory of planetary movement, or that the nation that borrows 
the naksatra system from another cannot independently discover the planetary 
theory. Weber, a German scholar, says that the naksatra system did not 
originate with the Hindus. M.Riot, a trench scholar emphatically maintains 
that it was first established by the Chinese and was then borrowed by the 
Hindus, and Whitney taking his cue from Biot observes that it did not originally 
belong to the Hindus. Now both Biot and Whitney admit that 'The Chinese 
had been working in the same beaten track, and never developing out of so 
promising a commencement anything deserving the name of a science, never 
devising a theory of planetary motions, never even recognising and Defining 
the true character of the cardinal phenomenon of precession. *" Our People 
have established the naksatra system independently. The Chinese may have 
also established theirs independently. But it is certain that our people did 
not borrow it from others. This point has already been discussed before 
(on page 130 of pt. I). It does not require any elaborate treatment here. But 
let us briefly examine the views of the European scholars. Biot gave a detailed 
exposition of only the naksatra system of the Chinese and that of the corres- 
ponding system of the Hindus in a French monthly** journal in 1840, 1845 
and 1859* A.D. The gist of his argument is : "Their instruments and their 
methods of observation, have been closely analogous with those in use among 
modern astronomers in the West; they have employed a meridian circle and a 
measure of time, the clepsydra, and have observed meridian-transits, obtaining 
right ascensions and declinations # of the bodies observed. To reduce the 
errors of their imperfect time-keepers, they long ago selected certain stars near 
the equator. The stars thus chosen are the sieu. Twenty-four of them were 
fixed upon more than two thousand years before era. (ML Biot says, about 
B.C. 2357***) The considerations which governed their selection were proximity 
to the equator of that period, distinct visibility, conspicuous brilliancy, not 
being demanded for them. To those twenty-four stars four more— Magha, 
Visakha, Sravana and Bharani — were added in the time of Cheu-Kong B.C. 
1100." 

Biot's study of the stars does not contain as much consideration of the 
Hindu naksatras as that of Chinese. Whitney has explained and compared 
in detail all the three systems viz, those of the Chinese, the Arabs and the 
Hindus. All the three systems have points of resemblance in some respect 
and divergence in others. On account of this, Whitney had to start with the 
assumption that no one among them can be regarded as the immediate source 
from which either of the other two has been derived. In spite of this he further 
remarks, "We would suggest then that a knowledge of the Chinese astronomy, 
and with it the Chinese system of division of the heavens into 28 mansions 
was carried into Western Asia at a period not much later than B.C. 1100, 
and was there adopted by seme Western people, either Semitic or Iranian. 
That in their hands it received a new foim, such as adapted it to a ruder and 
less scientific method of observation, the limiting stars of the mansions being 
converted into Zodiacal groups or constellations, and in seme instances atlered 
in postion, so as to be brought nearer to the general planetary path of the 

*The above views of Biot and Whitney have been cited from pages 180, 2C0 to 209 and 
324, of the translation of the S.S. by Burgess. 
* * Journal des Savants. 

***This time has been calculated on the assumption that the stars begin from the 
Krttikas, It has not been mentioned in the Chinese works. 
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ecliptic. That in this changed form, it passed into the keeping of the Hindus — 
very probably along with the first knowledge of the planets themselves- — and 
entered upon an independent career of history in India ; and that it made 
its way so far westward as finally to become known and adopted by the 
Arabs.'* Our Indian system of naksatra has been built up merely on the basis 
of actual observations taken by the naked eye, whereas the Chinese system 
had been evolved mainly for helping the observations by instrument. The 
junction stars selected by us for RohinI, Punarvasu, Magha, Purva, &, Uttara 
Phalgunl, Svati, Anuradha, Jye§tha, Mula, Abhijit & Sravana, belong to the 
first or second magnitudes (rarely of the third magnitude); but instead of taking 
these, the Chinese have* adopted quite different stars of inferior magnitude 
for junction stars, because they were useful to them for observation. In 
short, the Indian system is natural, while the Chinese system is artificial. In 
these circumstances, when Whitney could not assert that the Indians borrowed 
the naksatra system directly from the Chinese, he had to imagine that the 
system was first passed on to some Semitic or Persian people whose naksatra 
system has left no trace whatsoever, and that by a distortion of the order 
of progress in nature, the system assumed a still underform and was then 
transmitted to India. This would suffice to show what Whitney's contention 
is. 

The Persians had their own naksatra system. But Whitney himself 
observes about it ; ' 'There are, as has been noticed above, traces of an 
Iranian system to be found in the Bundehesh; but this is a work which, although 
probably not later than the times of Persia's independence under herSassanian 
rulers (3rd century A.D.), can pretend to no high antiquity, and no like traces 
have as yet been pointed out in the earliest Iranian memorial, the Zendavesta/' 
As regards the question whether the Chaldeans had a system of naksatra 
divisions he writes : "Weber sees in the mazzaloth and mazzaroth of tke — 
Scriptures (Job XXX VIII. 32; II Kings xxiiLS) — words radically akin with the 
Arabic manzil — indications of the early existence of the system in question 
among the western Semites, and suspects for it a Chaldean origin: but the 
allusions appear to us too obscure and equivocal to be relied upon as proof 
of this, nor is it easy to believe that such a method of the division of the heavens 
should have prevailed so far to the west and from so ancient a time, without 
our hearing of it from the Greeks; and especially, if it formed a part of the 
Chaldean astronomy." Hence, those Semitic or Indians through whom the 
Chinese system, according to Whitney, was introduced in India, were neither 
Chaldeans nor the Persians; and it is not known if the naksatra system was in 
vogue in any other Semitic or Iranian country, and has continued up to the 
present time. Hence, it is proved on this basis of Whitney's own argument 
that the intermediaries Semitics or Iranians — suggested by him are not trace- 
able at all. 

Up to 1100 B.C. the Chinese had only 24 stars in their system. Hence, 
Whitney and Biot canot say at all that the Chinese system was imported into 
India before that time. Biot says that Abhijit which used to be included in the 
Hindu naksatra system was omitted in 972 A.D. In other words, he suggests 
that the Chinese system of 28 naksatras was in vogue in India till then; but, 
Whitney has himself refuted Biofs arguments by pointing out that long before 
that time, the Hindus had ad opted 27 naksat ras for calculations and that the 

♦Translation of S.S. by Byrgess, P. 324. 
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Taittirya Samhita mentions only 27 naksatras. Hence, the contention of 
Whitney and Biot, that the Hindus adopted the naksatra system from the 
Chinese, is utterly worthless. Even Weber observes,' ''The view that the 
Hindus borrowed the naksatra system from the Chinese cannot be accepted".* 

Sir William Jones has made a comparative study * * of the naksatra system 
of the Arabs and the Hindus ; but Whitney remarks, "but it is incomplete 
and crude, and the inferences drawn therefrom are neither reliable nor im- 
portant," ar.d Jones has made the comparison not with respect to naksatras 
only but with respect to naksatras related to signs; and he has expressed the 
view that the Hindus have borrowed the system of naksatras and rasis, not 
from tie Greeks, but from the Chaldeans. The opirion of Whitney*** has 
already been stated to be that the Chaldeans had no naksatra system 
Colebrooke has made a detailed comparision**** of the Hindu and Arabian 
system of naksatras and rasis. But neither Colebrooke nor any other scholar 
holds that the Hindus adopted the system from the Arabs. Colebrooke f says 
that it was the Arabs who borrowed it from the Hindus and it is evident from 
the information given on pages 187 and 188 before. Max Muller Jsays that 
the system of naksatras spread into all countries from Babylonia. Weber 
also observes that the Hindus borrowed it either from the Babyloneans or from 
the Chaldeans. But Max Muller had not made a detailed study of the question 
and examined its pros & cons; it has been pointed out above f f that, accordin- 
to Whitney ftthe views of neither of them are acceptable. In short, this disg 
cussion and the arguments advanced on page 130 of pt. I prove beyond all 
question that our people have established the naksatra system quite 
independently. 

(11) MAHAPATA 

The parallel of declination of the sun and moon is called "Mahapata". 
The parallel in declination takes place when the sum of the tropical longitudes 
of the sun and mo^n is 6 rasis (180°) and 12 rasis (i.e. 360°). The first position 
is called "VyatipatcT and the second "Vaidkrtr\ Auspicious ceremonies 
are disallowed when the parallel in declination occurs. Hence, all works on 
astronomy deal with its calculation. Ganesa Daivajna has given in his Graha- 
laghava the method of this calculation and has also compiled a small work, 
entitled "Pata sarani" for easily finding the moments of their occurrence. 

So far Ganita Skandha (Mathematical branch) has been dealt with ; let us 
now consider other branches. 



♦History of Indian Literature, P. 247. 

**Asiatic Researches, Vol. II, 1790. 

** "Translation of S.S., P. 180. 

****Asiatic Researches Vol. IX 1807. 

tAlgebra, Introduction, P. XXII. 

jRigveda Vol. IV, Introduction. 

TtHistory of Indian Literature, P. 2, Note 2 anc? p. 247. 

JIMonier Williams had first stated that the naksatra system originally belonged to 
the Hindus. But later on, being dazzled by Whitney's arguments, he reproduced his views 
and endorsed them. (Indian Wisdom, Page 183 and Note- 2) In doing so, he has only 
shown that he was incapable of independent th nking. 
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II Samhita Skandha 
(The Samhita Branch) 

SUBJECT-MATTER OF SAMHITA 

The work whic*h treated in all branches of astronomy used to be called 
Sarrihita\ But at the time of Varahamihira, the definition had changed. 
Sanihita was then known as the third branch of astronomy, the other two 
being Ganita and Hora. Later on, all the subjects dealt with in the Varaha 
Samhita very soon dropped away, and the Muhurta Skandha alone became 
the third branch. This will be considered later on. The author first describes 
the contents of the Varaha Samhita, so that the nature of the' Samhita branch 
may be clearly understood. The subjects dealt with are : — The motions of 
the sun, the moon, Rahu and other planets and Ketu; and a description of the 
effects of their movements in the Zodiac, good or evil on the world, the results 
of the rises of Agastya (Canopus) and Saptarsi (the Great Bear). These 
questions are treated in the first 13 chapters. The 14th Chapter is entitled 
Kurmadhyaya. Tt mentions the lordships of naksatras over the region falling 
in the 9 divisions into which India was supposed to be divided. The next 
question is the naksatra "Vyuha" (arrangement of stars) and results accruing 
from planetary fights and conjunctions. It has already been mentioned that 
the Samhita does not describe astrological effects on persons; it mentions 
results, benefic or malefic, affecting nations. 

Then follows the study of yearly forecast. It is somewhat similar to the 
one given now-a-days in almanacs under the heading "Samvatsara phalam". 
The next chapter is entitled "grahasrngataka". It gives a forecast of the 
phenomenon in which all or some^planets are seen grouped near the sun or 
some star in the shape of a bow, a horn, etc. The questions next to follow 
are the "Parjanya garbha laksana" (impregnation of rains) "garbha dharana" 
(conception) and 'Varsana' (raining). It describes in detail how rains are 
'conceived' in Margasirsa and other months and what would be the nature 
of the rains. Some people study this subject even in the present times, and it is 
reported that there are some who accurately predict how rains will occur 
on the basis of their conception. It is stated in this chapter that rainfall should 
be measured, if it rains, and the method of measuring it is also described. 
Next are described the results of the moon's conjunctions with Rohini, Svati, 
Asa<lha, and Bhadrapada. Next comes the description of the following 
phenomena : — sudden rainfall, the description of the plant croton, then comes 
the question of twilight, the red colour visible in the sky in the morning and 
evening i.e., 'digdaha' (preternatural redness of the horizon), earthquake, 
meteors, 'parivesa' (a halo), rainbow, gandharvanagar* (celestial city), peri- 
helion or mock sun, whirlwind', {Thunderstorm). The next questions 

dealt with are the prices of grains etc., Indradhwaja (a flag raised on Bhadra- 
pad Sukla 12) and neerajan (lustration of arms). These are followed by the 
results of the sight of the bird named 'Khanjan' (wag-tail). Next are described 
three kinds .of disasters namely 'divya' (celestial), 'antariksa' (spatial) and 
'bhauma' (terrestrial). Then follows the chapter on Mayur-citra. The 
questions which follow are those of interest to kings, e.g. the Pu?yasnana 

*A news item had appeared in newspapers about 1887 that the people on a ship sailing 
on the sea at a distance of some miles from New Holland, witnessed a city in New Holland, 
in the sky. It seems therefore that the subject of. Gandharva-nagar (celestical city) may not 
be merely fictitious. 
1D.G.O./69 *24 
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(coronation ceremony performed with the moon in pusya naksatra), Patta- 
laksana, (the characteristics of the crown), the Khadga laksana (the charac- 
teristics of the sword). The next chapter relates to Vdstu (building). This 
contains a very extensive description. It provides useful information regarding 
the choice of site and wood for the house and the method of building houses 
for different purposes. Utpala has given five charts in the commentary on 
the work. The next chapter, entitled Udakargala, mainly describes the art 
of water-finding and sets forth incidentally some ideas on geology. It is said 
that even now there are people who can direct one to a place, where water 
would be obtained after digging. Next comes the chapter on Vrksayuryeda 
(the therapy of trees), which contains some sound hints on Botany. Next 
comes the chapter on Prasadalaksana (characteristics of palaces), the next 
chapter headed Vajralepa, treats of the method of manufacturing some kind 
of lime. It is said to have been revealed by Maya. Further on comes the 
question of the idols of deities (that is, the method of moulding etc). Then 
comes the question of Vdstu pratistha (the consecration of buildings). Further 
on are discussed the characteristics of cows, dogs, cocks, tortoises, goats, men 
and women. These are followed by the question of testing, the chowne and 
the sceptre, some ideas on erotics, testing of jewels like diamonds, pearls 
ruby etc. Then are discussed the questions regarding lights, cleaning of 
teeth, omens. These are followed by the results, auspicious or otherwise, 
of the cries of dogs and jackals. Next are considered the questions regarding 
dear, elephants etc. After this comes the description of the effects 01 tithi, 
naksatra and Karana and those of the transiting planets. 

The author has not seen many of Samhita works. However, all the earlier 
Samhita works suchas those by Garga and others, who lived before Varaha, 
appear to have dealt with these very subjects or some of them. The selection 
of auspicious time (muhurta) for ceremonies like marriage etc. appears to be a 
subject dealt with by samhita works. But because Varaha had compiled 
separate work on pilgrimage and marriage, it appears that these subjects have 
not been included in this work. 

Varaha has stated at several places that particular subject* have T 36611 ^^^ 
as taught by particular Risis. The following ; names of \^ ls ^™™™ 
in this connection.-Garga, Parasara, Asita, Devala, Vrddhagarga, j ^syapa, 
Bhrgu, Vasistha, Brhaspati, Manu, Maya, Sarasvata* and Ris ip utra a 
appears, therefore, that so many samhitas were extant at the time of Varaia 
There may have existed even more since Varaha has at some places remarked, 
"anyan balmn" (meaning 'many others'). The e^^Z^Jedmml 
only the views of the above authors in the commentary but has ; add ied .mm 
mo?e from other authors also. Among these we find the quot ationsj om 
Vyasa, Bhanubhatta, Visnugupta, Visnucandra, Havana Roma Siddhasan 
Nandi Nagnajit and others and also some from the work Bhadrabahu. Some 
of these authors may have flourished before Varaha and some after ^him W 
chapter on Vastu (house building) contains quotations from Kiranaknya 
Tantra, as also from Maya. 

The above list of subjects will show that it includes several ^f^^ 
present day, which are related not only to astronomy ^ bu .to other ^ce les ia 
phenomena also, and theymclu de several natural phenomena relati ng^ 

~~*The name of SaraTvata occurs only in the chapter oTudakargala and that of Maya 
in the chapter on Yastu and similar subjects. 
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earth. Besides these they treat in questions bearing on every-day life. Some 

of these subjects had been considered long before Varaha's time and some 

others appear to have been under consideration from ancient times right up 

to his days. Varaha has recorded some views of his own at several places. 

Thus after citing the chapter on Udakargala, as taught by the sage Sarasvata, 

he has given much information with the prefatory words "I shall now quote 

the views of human .beings". If the subjects in the Varaha Samhita had 

* continued to be explored even later, the results would have proved very useful 

according to the author's remarks before (page 80). But no single work 

pr even a number of works was ever produced in later years which treated in 

all or most of the subjects dealt with in Varaha's Samhita. The work Muhurta- 

tatva has discussed almost all the subjects in brief, and the work Jyotisadarpana 

contains a chapter on the subject of grahachara' (movements of planets). 

But it would not be wrong to say that these subjects were consigned to oblivion 

after Varaha; some stray thoughts on two or three questions like 'garbhavali.' 

(conception of rain waters) are found in some works or in miscellaneous 

writings and they are even now taken into consideration by some people; 

'but very few of these writings are important. The chapter on Vastu (building) 

•is given by all works on muhurta in the present times and it does contain some 

$ useful information; however, their original object has been mostly forgotten 

r and now-a-days no one cares much to follow the method explained even in 

Ithe present-day works while who would care to observe a rule* which says, 

If or instance, that the house would be auspicious or inauspicious according 

E'to the remainder obtained by dividing the sum of the length and breadth 

fby a certain number. But while rejecting such rules, one is even disposed 

f feot to consider and utilize useful information given in such works. 

MUHURTA WORKS 

' Certain rules have been framed to show what moments prove beneficial 
if selected for performing the sanctifying ceremony of impregnation, for start- 
ing on journeys and for several other functions concerning every dav life; and 
the moments thus selected are technically known as 'muhurtas'. Formerly, 
the consideration of such muhurtas formed part of the samhita works; but 
tlater on all other subjects in the samhita lost their importance and ceased to 
i exist, while 'Muhurta' became their most dominant feature. Later, still, the 
hrorks related to the selection of Muhurtas came to be styled 'Muhurta-works . 

rl THEIR CONTENTS 

8 A muhurta work commonly contains the following subjects :— 

^ The muhurta work usually contains a general chapter called the 'tyajya 

Iprakarana' (the chapter of taboos). It mentions the tithis, naksat ras e c 

twhich are prohibited for any auspicious ce remony Next comes a general 

description of the nature, auspicious or otherwise, of ^'1^1^™ 

naksatra voea samkranti etc. Next come the muhurtas favourable for 

' ^^J^jJZdx as impregnation and other sanctifying ceremonies/ 

*Some rules have been framed regarding the length and . ^£s^°vf b2n°uS 
ansDicious and inauspicious nature of naksatras, and much skill appears to nave °een u fea 

understand the subject • 
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It includes an important and lengthy chapter on the horoscopic affinity of the 
prospective bride and bridegroom. In addition to this, it contains chapter 
on miscellaneous subjects like buildings, pilgrimage (travel), coronation 
etc* Some works deal with the ''pacification-ceremony"* in connection with 
binhs under malefic naksatras in the chapter on naksatras. 

The work Ratnamald by Sripati treats in these very subjects and nothing 
else, which 4iave been mentioned so far, as forming the contents of the Muhurta 
works. Sripati has only not named this work as a muhurta work. 
Later on people actually Segan to name such works as Muhurta Martanda 
Sripati 5 s work has been compiled with the help of Lalla's Ratnakosa. 
It appears that even Lalla's work did not contain any subjects other than 
muhurtas. No other work like Var&ha's Samhita appears to have been ever 
compiled after Varaha, It shows, therefore, that 'Muhurta' alone constituted 
the third branch (skandha) of astronomy from about Saka 500 to 600. 

BASIS OF GOOD OR EVIL EFFECT 

The auspicious or inauspicious nature of naksatras in regard to the per** 
formance of rites is based on such considerations as the names of naksatras 
and their controlling deities. The horse and other imaginary categories 
(yoni)** assigned to Asvini and other naksatras, the imaginary terms cara 
(movable), sthira (fixed) etc. the animals like ram etc. suggested by names like 
Mesa (a ram) etc. given to signs, Mars and other lords of signs, Nanda and 
other names given to the tithis, lords of tithis and similar other things. For 
example the performance of a rite to ensure 'fixity' or stability under the in* 
fiuence of a 'movable' 'naksatr a is regarded as inauspicious: if the birth naksa- 
tras of the bride and the bridegroom be Rohini and UttarasadhiT respectively, 
then the union would prove unfortunate because these (naksatras) are regarded 
• as coming under the categories of snake and mongoose who are natural enemies 
and so on. 

NEED OF MUHtJRTAS 

These muhurtas have intimate association with every day affairs of life 
and it will be seen from the discussion at several places in Part I that it has 
continued to exist from times immemorial. In the present times marriages 
cannot be performed at all without muhurtas. Ceremonies like the foundation 
of the house, entering a newly built house for the first time, sowing the corn 
and reaping the harvest, etc. cannot generally be undertaken without muhurtas, 
and there are many people who undertake many such affairs of practical 
life only after consulting the muhurtas. It is not the followers of Vedic 
religion alone, who are guided by muhurtas; even the Lingayats and 
Jains cannot get on for a moment without the muhurtas. Even the 
Parsees and the Mohamedans seek the guidance of muhurtas. The 
need of muhurtas has been one of the main causes for developing what 
little knowledge of astronomy had been acquired by our people and fof 

keeping it alive till to-day. 

♦ .. ._ — i -< ■*" 

The selection of muhurta very often calls for the cons'deration of the birth-horoscope 
or horoscope for the moment in question, or both. The subject of horoscopes is discussed 
later on. Even the question of "Sadvargas" is involved in the selection of the muhurtas lot 
marriages etc. 

**Madhava, the Commentator of R^tnamaJa observes in the chapter on naksatras— these 
yonis, as originally devised by 'agamas' were introduced by former authors for the settlement 
of marriages etc, they do not exist in reality. 
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HISTORY OF MUHORTA WORKS 

' The review of this branch will be concluded after giving a brief history 
of the rauhtirta works and their authors. Even the following short account 
would show that numerous works on muhurta have been compiled so far. The 
author mentions here only those about which he knows something either directly . 
or through tradition. . 

* 

RATNAKOSAXzbout Saka 560) 

this is a work compiled by Lalla. The author has not seen it. Sripati 
has however, compiled his work Ratnamala on the basis of this work, which 
shows that it may have been like the present-day muhurta work. 

• RATNAMALA (about Saka 961) 

• J This was compiled by SripatL It contains only those subjects* which 
have been mentioned above as belonging to a muhurta work. It has a comment 
tary by Madhava. The date of Madhava is Saka 1 1 85. He has cited passages 
from many other works. The author mentions here the names of those muhurta 
works and their compilers which have not been referred to before or even 
later on. The names of the authors are ^*: — 

Srldhara, Brahmasambhu, Yogeswaracarya. (The last two names have 

occurred in the chapter on 'Vastu' (building) The names of works are * 

Bhaskara, Vyavahara Bhimaparakrama, Daivajna Vallabha, Acara Sara. 
This may be a work devoted to ritual, Trivikrama Sata, Kesava Vyavahara/ 
Tilak Vyavahara, Yoga Yatra, Vidyadharl Vilasa, Vivdha Patala, Vi§vakarma 
1§astra (This name has occurred in the chapter on 'Vastu') In addition to 
these, quotations have, been taken also from such Jataka-works as Lagk|ijataka 
Yavanajataka, Vrddhajataka from Narapati Jayacarya, work on omens and 
from Vidvajjana-Vallabha a work on horary astrology. 

■ In the chapter on the Mays of the week' he remarks, "in this Anandapura, 
the length of the shadow on the day of the equinox is 5*20 and the hypotenuse 
is 13*8'% which shows that his place of residence may be Anand Pur : and 
this may be situated some where in latitude 24°. 

RlJ AM ART AND A 

This is a work by Bhoja ; its date may be about Saka 964. 

VIVAHA VRNDAVANA {Circa S. 1165) 

^An astronomer named Kesava compiled this work on 'marriage' which 
is usually the subject of a chapter in muhurta works. This work has already 
been commented upon (on pages 127 and 194). The name Kesava 
-occurs in Madhava 5 s commentary on Ratnamala written in Saka 1185. This 

♦The commentator, however, remarks : _ "The author discourses with a view to expo- 
unding the subjects met with in the Samhita works", 

** Madhava has incidentally cited passages from works related to other subjects also* 
The author mentions the works or their authors as they may prove useful : — Nyaya Kira- 
ijavali ; Kanada Sutras ; Pra^astakar Bhasya ; Bhasyottara Purasa ; Matsya Purafla ; Shiva 
Rahasya ; Baudhayana, Grhastha Dharma Sanluccaya ; Sqirti Manjari ; Saura Dharmottara 
Skanda Purana ; Viwu Dharmottara ; Vi^varupa ; Vijfiyanesvar ; Puraflasamucqaya Vagi 
bata ; Yajna-Valkya SmTti ; Durga Siipha ; Garufla Purasa ; Visvadaria Bhasya ; Vaidya- 
aighanta ; Susrutacikitsita. 
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leads to the inference that the selfsame Kesava may have been the author of 
Vivaha Vrndavana and this lends support to the view that his date was about 
S. 1 165. A work entitled, Kesava Vyavahara has been mentioned in Madhava's 
commentary, which also may have been written by this Kesava. 

VIVAHAPATALA (by Sarangadhara) 

tThis is a Muhurta work relating to the question of marriage. It refers to 
Hemadri and Madhava, and it is referred+o in commentary on the work Vivaha 
Patala by Pitambara, written in S. 1446. The date of this work may therefore 
be about S. 1400. It seems that it was also entitled 'Sara Samuccaya.' The 
commentary on Muhurtatatva by Ganesa (circa. 1450) mentions Saranga- 
dhara and Sara Samuccaya. This also shows that the date of Srahgadhara could 
not have been later than S. 1400. The author mentions here the names of some 
df the authors and works that have not been considered before :— 

Authors :— Hari, Gadadhara, Mukunda, Bhargava, Pavanesvara 
Laksmidharabhat. Works :— Muktavali, Laksmidhara Patala, Gadadhara 
Patala, Ratnojvala- Samhita.- All these works and authors were probably 
concerned with Muhurta-Branch of astronomy. 

muhOrta TATVA 

It was compiled by Kesuva, a resident of the village of Nandigrama. Hence 
his date may be about Saka 1420. The author not only deals with all the 
questions mentioned as belonging to muhiirta works, but adds the remark, 
"here ends the part on muhurta, and that on samhita begins", and briefly 
discusses a good many questions from Varaha Samhita, like the movements 
of planets, planetary fights etc. It does not however appear that any one in 
his timeiiad been making any use of such information. This work contains 
a chapter on 'ships' which is a special feature. It follows the chapter on travel, 
and gives advice regarding auspicious times for ship-building, for landing, for 
landing ships, and for travelling in ships. No other work on 'muhurta' appears 
to have dealt with this question. The commentary on the work does not con- 
tain any quotations from previous writers taken in support of any statement. 
The words nal (bow) sukan (helm) have been used in the verses. Upon this, 
Gane§a Daivajna the commentator observes, "these popular terms have been 
admitted into the original, as other suitable terms are not found in the dictio- 
naries." It appears that he may have been a resident of a place on the sea 
coast, and as seafaring fishermen used to consult him for muhurta he appears 
to have compiled this chapter anew. Navapradlpa is another independent 
work* to his credit. The work Muhurta Tatva is at present in use. The 
author's son Ganesa Daivajna has written a commentary on it. Its date 
- appears to be about S~aka 1450. It has been printed. The author mentions 
from it the names of such works and authors as have not been referred 
t o before. 

Authors :— Vasanta Raja, Bhupala, Nrsimha. 

Works -.—Vivaha Patala, Jvotihsara, Santi Patala, Samhita dipaka Sana- 
graha, Muhurtasangraha, Arnava, Vidhiratna, Sridhariya, Jyotisarka, Bhupala 
vallabha, Jyoti§ PrakaSa**. ' . 

*Deccan College Library, No. 332 of 1882-83. 

**Names of books relating to other subjects are :-Bhagavata, Asvalayana ^Grhya 
karikS, Padmapura^a, Smrtyarthasara, SmTti Ratnavali, Kai?adha Kav>a and Nrsirnha. 
Prabandha. 



Jyotisha Siddhanta Period 359 , 

VivAHA patala (by Pitambara) 

This work, compiled in Saka 1444, consists of 52 verses. The author 
himself has written on it an exhaustive commentary entitled "Nirnayamrta". 
in Saka 1446. The name of Pitambara's father was Kama and that of bis 
grana father, Jagannatha. He was a Gauda Brahmana residing at Stambha- 
tirth> (Khambayat, Cambav) near the mouth of the river Mahi. The author 
mentions here such names of authors and astronomical works as have been 
in the commentary***, but not noticed in his account so far. 

Authors ]— Prabhakara, Vaidyanatha, Madhusudana, Vasantaraja» 
Suresvara, Vamana, Bhaguri, Asadhara, Anant> Bhatta, MadAna, 
' Bhupala Yallabha. 

Wdrks :— Cintamani, Vivaha Kaumudi, Vivaha Patala by VaSdyanatha, 
Vyavahara Tatvasata,' Rupa Narayana Grantha, Jyotisa Praka&a, Samhita 
Pradipa, Cuda ratna, Samhitasara, Maufiji Patala, Dharmatatvakalamdhi 
Sangraha, Trivikrama Bhasya, Jyotissagara, Jyotirnibandha, Sandehadosausa- 
dha, Saijana Vallabha, Jyotisa Cintamani, Jyotirvivarana, Jyotirviveka, 
Phalapradipa, Goraja Patala and Kala Viveka. All these works and authors 
were mainly concerned with the Muhurta branch. Jn addition to these, the 
names of Tajika Tilaka and Samudra Tilaka have also occurred m the works. 
As for works on other subjects, a dictionary entitled Sabda Ratwkara has aiso 
been mentioned. 

JYOTl§A DARPA^A 

This work was compiled in Saka 1479, by a Jyotisi named Kanch Pallu. 
' It is written partly in prose and partly in verse form. The copy of the worJc 
that happened to be seen by the author was incomplete. It appears to deal 
first with the question of Grahacara, (movements of planets) and mis 
was probably followed by the chapter on Muhurta. The author was a 
Brahmana, belonging to the Kanva branch of the Vatsa gotra. His place ^ oi 
residence was a village named Kondapalli. He has given the length ot tne 
equinoctial shadow of the place as 3-36 and deiantam (longitude) as 40 bast. 
He claims that his almanac is in use up to Kanchi. The god Nrsinina at 
Nargiri was his familv deity. He has referred to a work named Pailu Bhatiya. 

MUHURTA MARTAtfDA (Saka 1493) 

The account of Narayana, its author, has already been given ( on page 150). 
He seems to have studied under the care of his father. He has himself written 
a commentary on his own work. This work is very much m popular use at 
the present time. This consists of 160 verses in different metres Many 
people study the work as if it were a poem of literary merit. The »ork is 
confined only to those subjects which come within the jurisdiction of muhurta 
works. The author, however, remarks at the beginning of ^f™^^ ' 
"Desirous of compiling a samhita work the author *"^ — ™ e ™ ™SI 
cites passages from several writers. The names of authors and muhurta 
works which have not been noticed before are mentioned below . 

Authors :-Gopiraj, Menganath, Mhalugi (These names occur in the 

chapter on Vastu). " — 

*^*The commentary on Muhurtatatva belongs to about the same date as this comme n- 
tery'. But its accurate date is not known. Hence, the names of works etc. mentioned 
under the former have been repeated here, wherever they occur. 
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|Works : — Udvahatatva, ^Muhurta Darp.ana, Kasyapa Patala, Samhita 
Saravall, Vyavaharasara Silpasastra, Brhad Vastupaddhati, Samarangana 
Vyavahara Sarasvata, (the last six out of these names occur in Vastuprakaraija) 
Ratnavall : the names of Sphutakarana (Maths) and Jata Kottama (astrology) 
are the additional names* which occur in the commentary. This work ha& 
been published together with commentary. 

TOPARANANDA 

This voluminous work by Nilkantha belongs to Saka 1509 (Circa). The 
author has seen a portion of the work in which are cited a number of passages 
from the following authors and works. The authors are : — CandeSvara, 
YavaneSvara, Durgaditya. And the works are : — Daivajna Manohara, 
Vyavahardfchaya, Kalpalata. (See Page 148). 

MUHURTA CINTAMANI 

Ramabhata, a Jyotisi, coAipiled this work in Saka 1522. Some account 
of this Ramabhata Ms already appeared before (Page 151). It contains 
the same subjects as are usually found in muhurta works. Its influence is 
widespread. Tt has a commentary named Pramitaksara by the author himself 
and another named Piyusadliara by his nephew Govinda. Both of them have 
been printed. The names of astronomical works, occurring in the commen- 
tary on Piyusadhara (Saka 1525) and not referred to before, are : — Jagan- 
xnohana, Jyotisa Ratna Samgrha. 

MUHURTA CUDAMAW 

A Jyotisi named Shiva compiled this work. The family history of Shiva 
has already been given (Page 157). The date of this work may have been 
abotit Saka 1540. 

MUHtJRTA KALPADRUMA 

Vithal Diksita, of Krsnatri gotra, wrote this work. Tt bears a commentary 
named Muhurta Kalpa-Druma-Manjari, by the writer himself, written in 
Saka 1549. 

MUHURTA MALA 

This work was written at Varanashi by Jyoti§I Raghunatha in Viktama 
Samvat 1717 (he. Saka 1582 ; 1660 A.D,). Raghunatha was a Gitpavana 
Brahmana of Sandilya gotra. His ancestors used to reside at PALSHET 
south of Dabhol, in South Konkan. His grand father's name was Kesava. 
His father Nrsimha went to Varanasi and established himself there. He had 
the patronage of Emperor Akbar. Raghunatha received the title of Jyotirvit- 
sarasa, when Akbar captured the fort of Aseri. The writer has given the follo- 
wing account in a verse : 

* Names of authors and works i elating to other subjects : — 

Brahmapurana, K&tyayana Grhya Karika, Katyayana Grhya Harihara Misra 
Vyakhya, Kalanirnayadipika savivarana ; Markafldeya Puraiia, Dhan anjaya 
kosa (Dictionary), Anekartha Dhvani manjari (Diet.) Smrti Saravali, Shulba 
Sutra, Hajayudha Kosa, Dharma Pradlpa, Tirtha Khanfla, Pitr khaflfla, Preta 
Manjari, Aditya Purana. 
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ftrrr srrcrerTf tfsrmt frr^rT^ ^r ii 

'I have undertaken this work when Emperor Aurangzeb is ruling the earth, 
;after conquering Dara, Shuja^nd Murad". • 

This work has been printed. 

MUHURTA DlPAKA 

Jyotisi Mahadeva compiled this work in Saka 1583. Mahadeva was a 
resident of Bhuj. (Cutch). His father's name was Kanhaji. He has extolled 
his father by calling him "Raivataka Raja Pujita Pada" (i.e. one whose feet were 
worshipped bv the king of Raiyataka). In enumerating his contemplated works 
he mentions inter alia Vyavahara Prakaga and Raja Vallabha, which have not 
been noticed so far. This work is available in printed form. It bears a 
commentary bv the author himself. According to Aufrecht, the commentary 
contains the names of following works, not referred to before : — Amrta 
Kumbha, Laksana Samuccaya, and Sara Samgraha. 

MUHURTA G AN APATI 

A Jyotisi named Ganapati, wrote this work in Vikrama Samvat 1742 
^Saka 1 607). In his account he observes : — 

This king Manohara, has been alluded by the author as 'Gaudanvaya 
Kumudagananandicandra". The work was compiled as desired by' his son 
Yuvaraja Rama. The author was an Audicya Gurjara Brahmana and 
belonging to Bharadvaja gotra. His surname appears to have been Ravala. 
The names of his ancestors from the father upwards were * Harisankara, 
.Ramadasa, YaSodhara and Brahmarsi respectively. 

This work has been printed. 

MUHURTA STNDHU 

Gangadhar Shastrt Datar (Born in Saka 1744, died in Saka 1810) 
wrote a Sanskrit- Marathi -work in Saka 1805, entitled "Muhurta Sindhu". 
This work has dealt with Muhtirtas in detail, discussing their, exceptions and 
counter-exceptions and quotirg chapter and verse from 38 different works, in 
support of his statements. The work has been printed. 

Some more iaformation about works on Samhita and Muhurta are given 
below. These were obtained after 472 pages of Dixit's original work were- 
printed. 

VIDVAJJANA VALLABHA 

t 

The following information about this work is available from the list of 



*This emperor must be Aurangzeb. 
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books in the Maharashtra Government **Library, Tanjore :— 

This work was compiled by Bhoja (which means that it belongs to Saka 
964 Circa). It contains the following chapters :— ' 

(ll Gain and Loss (2) Arrival and Departure of enemies. (3) Departure 
and Return. (4) Return of emissaries. (5) Travel. (6) Success and Failure 
tTl Truce (8) Places of refuge. (9) Bondage and Freedom. (10) Patients 
(11) Birth of a daughter. (12) Conception. (13) Birth. (14) Rainfall (15) 
Buried treasure. (16) (incomplete). (17) Miscellaneous. (18) Anxiety. 

It consists of about 185 verses in all. One wonders_ why Bhoja compiled 
another work, when Raja Martanda a work on Samhita branch, was already 
compiled. However,even if this work be attributed to some one else, there is 
no doubt that it belongs to a date earlier than Saka 1185, because its name 
occurs in Madhava's commentary on Ratnamala. 

ADBHUTA SAGARA 
i 
Maharaja Ballalsen, the king of Mithila mandal, compiled this work. 
Ballalsen ascended the throne in Saka 1082 and it is stated in the work that it 
was written by him in Saka 1090. The author has not seen if it contains any 
subject other than those in Varaha Samhita. However, Sudhakara writes that 
the work is worth seeing. The chapters in it are called avarta'. It is stated 
in the chapter on eclipse that "if a hole is seen in the disc of the sun, without 
there being a transit of Venus or Mercury, it forebodes an attack by forei- 
gners". It shows that the "Piercing of the sun by Mercury and Venus" was 
known to them : and the appearance of holes in the sun's disc in the absence 
of this phenomenon is nothing but the appearance of sun spots. The author 
of the text remarks, "I have properly noted the occurrence of ayanamSas, (and 
I have determined the ayanamSa from them)". This indicates bis love oi 
research. The work mentions a number of other works and writers,_ such as 
Vasanta Raja and Prabhakara among authors and Vatakanika, Visnu 
Dharmottara and Bhagvata among the works. 

V YA VAHARA PRA DlPA 

This is a good work on the Muhfirta branch of Samhita by Padmanabha. 
Padmanabha was the son of Krsnadasa, grand son of Gangadasa and great 
grand son of Sivadasa, a Brahmana .resident of the town named Yamunapura. 
His work contains quotations from such works as Bhlma Parakrama, Sripati s 
Ratnamala, Dipika Rupa Narayana, Raja Martanda, Sara Sagara, Ratnavahr 
Jyotistantra (a work on astronomy), Vyavahara Candeswara and Muktavali. 
Sudhakara remarks that this Padmanabha is the same as the one mentioned Dy 
Bnaskara as a writer on Algebra. But it has already been pointed out before 
(Page 95) that Padmanabha, the writer on Algebra, lived before baKa 
700; and the works Vyavahara Pradipa refers to Ratnamala and Raja Martanaa. 
It was evidently written sometime after Saka 964. Padmanabha's work also 
gives quotations from the Surya-Siddhanta, Varaha Samhita and other W orxs, 

**Vyankoji (Pkoji), brother of Shivaji and his descendants ruled over Tanjore. A 
• very fine library had been maintained by these kings in the.royal palace at lan J£f- 
catalogue of the books, prepared by A.C. Burnell under the orders of the Madras Govern, 
ment was printed in 1879 A.D. King Tulaji, a descendant of the family, was on _ the thron 
from 1765 to J.788 A.D. The Library contains books written by him or under his direction. 
Probably this collection of books was mainly originated in his regime. 
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and tbey are found in the modern S.S. and other works. But the Siddhanta 
Siromani *gives 4 verses, of which one is Padmanabha's own verse and the 
remaining three have been quoted by him as from each of the works Saunak 
Samhita, Vasistha Samhita and Jyotistantra. This indicates, according to- 
Sudhakara, that Bhaskara must have borrojved these verses from the respec- 
tive works. But from the nature of the verses, it is felt that Padmanabha's 
statement is itself unreliable and it is the author's opinion that he lived after 
Saka 1072. 

JYOTIRVIDABHARAtfA 

This is a work on Muhurta. It is stated in it that it was written in Kali 
elapsed year 3068, b^ Kalidasa who was the author of Raghuvam§am and 
other works. But it is false, (see page 75). Accordirg to this work, 
the declinations of the sun and the moon become equal when the third part ot 
Aindra yoga has passed. From this his date comes to about Saka 1164. It 
Kalidasa is at all the name of its author, he must have been different from the; 
author of the Raghuvamsam. 

* 

JYOTIRN1BANDHA 

This Muhurta work meant for religious purposes^ was compiled by Siva- 
dasa. As it is referred to- in the commentary on Vivaha-Patala by Pitambara, 
it appears to belong to a date earlier than Saka 1446. 

There are several additional Muhurta works about the dates of wihch only- 
something is known. 

SAKUNA 

This also is a part of Samhia branch. There is a very ancient work named 
Narapatijayacarya on the subject, in Vikrama Samvat 1232 (i.e. Saka 109/)- 
Narapati wrote this work at Anhil-Pattan. Narapati seems to have been a 
Jain. His father Amradeva, was a very learned man and a resident of Dhara. 
This book mainly deals with good or evil results affecting kings corresponding 
to a 'svara' (breath). The author has stated the number of verses in it to be- 
4500. This work appears to have been known also as Svarodaya and Sdro- 
ddhara. The works consulted by the author have been enumerated, thus in 
the beginning. 

«R3Teft mT^T W ^«r T q^n<Tcf l| sFfar^fterw ^ *frft*Tt *ftl*W II * It 

s^t^f n k n rtWR" w&i (5^ ^Tt'f . ^t«ff) . ^" ftrart^f ii 

* I compile the work Saroddahra, after studying the following works :— 

The seven Yamalas, Yuddhajayarnava, Kaumari Kausala, Yogasambhava 
of the yogis, Rakta Trimurtikam, Svara Simha, Svararnava, Bhubala, Garuda, 
Lampata. Svarabhairava, Tantravala, Takhya (Runanga, Dak§a). The 
Siddhanta named Jayapaddhati : Patauka Sri Darpana and Jyotisarnava." 

*"Tusyantu"-5th verse, from Madhyamadhikara^ in Ganitadhyaya, "Divyam Jnya-* 

'*-9th verse from Chedaka, in Goladhyaya. "Yo veda. . "-8th verse, fiom Gola 

Asaipkra . "... ... **6th verse, Madhyamadhikara. 
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In addition to this, the names of the authors, Vasanta Raja and the works 
Canitasara and Cudamani *also occur in it. It, therefore, shows that all these 
works belong to a date earlier than Saka 1097. There is a commentary named 
Jayalaksml by Harivam§a on the Narapati Jayacarya ; similarly, Narahari, 
.Jlhudhar and Ramanath have also written commentaries **on it Rama Vaj- 
pai, **son of Suryadas, a resident of the holy city of Naimisa, has compiled 
a work, named Samara Sara on the science of 'svara' His brother Bharat has 
written a commentary on it. This 'Svara-sastra' is mainly based on the nature 
of the air breathed through the nostrils: There are several other works on 
the subject. 

Ill— jItaka SKANDHA 

(Natal Astrology) * 

DEFINITION . 

' That science is called Horn Sastra or Jdtaka (Natal Astrology) which decides 
what happiness or misery would fall to the lot of the native during his life, 
Irom a consideration of the plants in the ascendant at birth or in different 
positions from the ascendant or in the positions in relation to the moon's 
sign at birth, or from a consideration of the tithi, naksatra etc. at the' time of 
birth or, in short, from the planetary positions at the time of birth. There 
is a subsection of astrology which is known as the Tajika'. It will be discussed 
later on. The author first describes the science of astrology in brief. 

The diagram drawn in the margin is known 
as Kundali (Horoscope). The number indica- 
ting the rising signf (ascendant) at birth is 
noted in the place numbered one(l).This house 
is always termed the 'first house', no matter 
what sigt out of the twelve occupies it. The 
places marked 2, 3, etc. in the horoscope are 
respectively called the 'second house', third 
house' and so on, and the planets are posited 
in the respective houses according to the signs 
they occupy at birth. These twelve houses 
are successively termed : body wealth, 
brothers, friends, sons, enemies, wife,* death, religion, occupation gains 
and expenses. All matters denoted b> these terms, as also other matters 
associated with them are considered on the basis jof the planets occupying the 
signs in the houses and the aspectual and other relations of other planets to 

*Raja MartaMa refers, to Cudamani, which shows that the Muhurta work was written 
sometime before Saka 964. " 

a& ** T \ is information about the work Narapatijayacarya Jias been collected from five 
different books. Narapati states that he has described the complete system of Mathematical 
astronomy in his work, Jyotisa Kalpa Vrksa. 

***This Rama observes that he has a Karana work to his credit. He has similarly 
written a book on the subject, "Kunda", (i.e. a bowel shaped holy vessel);- it belongs 
to r>aka 1371. 

i.- ^ T ^ A ?i eB i^ nt at birth means that si gn which is rising on the horizon at the time of 
il t/£ e horoscope should be ht Id in a plane perpendicular to the earth and passing 

through the plane of the ecliptic. The house indicating the ascendant should be held towards 
the East and the 7th house towards the West. That will represent the positions of planets 
- n the sky at the desired moment. The upper half is visible and the lower hp If is 'set'. The 
enth house corner just below the zenith and the 4th house in the nadir. 
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S ou h s o e u s se . Fo ^^tkfc^:t:^i: ik ,r judsed f ™ «* 

»s not that these are orly 12 tbinesiSShi^? y ° ther names also - It 
But the names given to the house" etvl a of ake T \ man happy or unhappy, 
under consideration is sumosS Uo fall witfiitf tE al ke y words - The problem 
houses. For example, Tproblems rell ed t J t^fl™* ° f ° ne of the **** 
from the tenth house. Mo«Tte q M^*?l fe^ be consi <^ ed 
cope of birth. . On rare occcasions t£v a i to , be J^ged from theboros- 
. "rasikundali", that is that ^^1 ' 'considered on the basis of the 

at birth is placed I in the first home' ^ ^ Slg ? ° CCUpied ^ the mow 
been devised. It has beer i assumed V? * PI ° f . horosco P es have also 
or the 'Uchcha' (i.e sign of Sti?^ nf ^'^i ^ i is the '°* n -h°use* 
Let) are respectively under l^SA P articula ' P anet. Cancer and 
signs on either side of these vi 7 r^ R ll- SUn and the moon - The 
next signs on either ? aide. vfz ' SfiS^ilhSf !"% ^ of . Mercu ^- The 
Those beyond the two viz Arie S si * are tbe ° J vvn houses of Venus, 
still beyond viz Pace's and I sSi?Sw,S P1 ° are ™ ned b * Mars. Thos<r 
CapriJn and Alarms* £* ^^SZ^^^^^^f^ 

%££?£%$$*<$$ rout ^°^ 
mathematical p Ss of 'Uchcha' fTnole ffJT F ° f ? Stance ' the sun ' s 
Mithuna (Gemini) and savana Kark ??r»t ^5 P + reSent time ls nirayana 
the 'Uchrha' J *L?„ sa y an . a ^ ar fa (Cancer). But m astrology, Mesa is 

believe that lJ«* J* otherlemTeSdt LhtelentS CZri^ 
and a still different *mw r~n ww "~ ' ,°- v l , neir enemies. The effect is different 

*Both of them live in Bombay at present. See page 323. ~~ 
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MAN -EN RAPPORT WITH PLANETS 

vf anv oeoole are sceptical as regards the connection between the planets 
in the skv and the affairs of human life, and their scepticism is quite natural. 
Sit the author believes that such connection exists. It is not possible 
2 Present to explain with precision why it should be so but the fact remains 
ttul a 1 the sarne The following account of astrologer Patvardhan, who used 
foeuess the birth ascendant correctly by simply observing the physical traits 
of people may make his point clear to the readers. 

BABAJ1 KASHINATH PATVARDHAN 

We is better known as Mahadkar. He was*born on the 14th lunar day of the 
dark toSf o ' VaiSakha in Saka 1787, when the ascending sign was Sagittarius, 
ft Pacheri Sada alias MQBHAR, near Chiplun. The extraordinary 
knowledge of astrology which, he possesses is mostly self-acquired 
5J died when he was in his 13th year. He received his early Marathi 
a ~l-™ flrS nt Ganaoati Pule in 1877 A.D. then at Malgund irom 1878 
^880 and thin u fto 1882 at the Marathi School No. 1 at THANA. Later 
on in 1883 he was employed in the Court in Alibag district He continued 
fif AlVaa court up to 1886 and then joined the court at Mahad ; hence, he 
bbctme known as Mahadkar. Since 1893 he has left service and 
is Tarrving on kgal practice at Ichalkaranji and mamly at Kolhapur. Most 
of Ws timf is spent in other activities. In 1882, he met a Dravidian astrologer 
whfwTrSh^ccc^tric. He- told ?^^ ?^ K ^J^t!^ 
finditie the birth ascendant by observing the physical traits of people. Later 
Sr&S this knowledge by reading serveral books himself reconciling 
as far afpoSthe different hints about physical traits gathered from different 
books and laming rules by observing hundreds of people. He became famous 
for the knowlS since 1 891 . He displays a very keen intelligence in casting 
horoscopes Imrply from the physiognamy of people ; for a moment he sees 
a person and^e can cast his horoscope. He does so mainly by looking at 
the fadal signs and sometimes by observing the tongue and the palm. He 
n^t o^W teTwhar the ascendant was and how the planets were placed at the 
Sme of birth by observing the physical traits but can also mention the ^cegree 
of tLign occupied by every point. It has been the author's experience that 
Sere used to be at the most an error of only a degree or two. It is not that 
£ alw^s told the degrees of planets. He generally gave out only the signs 
Any JoTwhc T knows mathematical astronomy can tell the date and time of 
hkth if hTnative and his horoscope are before him. Jupiter returns to the 
same sLn after 12 years and Saturn after 30. The Sun comes to Aries m every 
cTtra Sd so on Y The tithi can be found from the distance between the sun 
and The moon It is, therefore, evident that these conditions can help m 
fimnnTth?tir£e of birth. If the birth-time of a person is given the ascending 
Sm at IhL moment and the positions of planets can be found with the help 
o 'Lfonomv^ But Patvardhan can find the ascendant and planetary positions 
SrSicXs ; in other words, he can <^W*£»**™ 
ascendine at birth and how the planets were located in the nouses, wnen 
to^^dhi the horoscope, the time of birth can be found by following 
the method described above. 

This leads to the conclusion that the planetary positions in the sky and 
the I£n ascending a? the moment of birth give rise to certain physical traits. 
This goes to prove that man is en rapport with planets. 
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Many objections can, of course, be raised against this belief. It is needless 
to consider them at this place : and the matter cannot be considered fully till 
one can master the knowledge which Patvardhan has acquired. It has 
however, been stated that the conclusion which could be drawn has been put 
after consideration of the likely objections as far as possible. 

Patvardhan tells people simply the time of birth and gives a brief reading, 
but nobody is able to say how he is able to do this. Hence they are unable to 
appreciate the importance-of his art. Some people even think that the time 
of birth can be found by means of siddhi or psychic power developed through 
mantras. But this is wrong. The method of finding the ascendant at 
birth by observing simply the physical traits may be called samudrik 
(Palmistry). But the samudrik of Patvardhan has a close connection with 
astrology. It is the* author's experience that many of the events, past and 
future, told by Patvardhan are found to be correct. But this branch of 
knowledge has not yet been completely mastered by him. Rules must be 
framed after verifying hundreds of cases. Patvardhan is mainly interested 
in finding ascendant at birth by observing physical traits. But even then, 
an instance may be cited where the ascendant could not be definitely given, 
where it remained doubtful : but such instances are few and far between. 
Again at times, the time of birth goes wrong by a year, a month, or a day ; 
and this is di^e to a very trivial cause. Jupiter stays in a sign for one year ; 
but it is not necessarily the case that it enters a new sign just in Caitra ; it may 
be found to occupy the same sign during two &aka years. For example, 
Jupiter will occupy the sign Leo both during Saka 1818 and 1819. The sun 
remains in the sign Mesa both in Caitra and Vaisakha. The same is the case 
with other months. The moon occupies a sign for about 2\ days. Hence, 
if an attempt is made to find the time of birth simply figgm the planetary posi- 
tions in signs, the above error is sometimes likely ^5 occur. Patvardhan 
knows how to find the planetary positions in terms of degrees in a sign. If these 
degrees are referred to the almanac there would be no room for error. If he 
attempts to tell the time of birth after carefully consulting the almanac, it is 
sure that his answer would be found to be correct in the case of at least 8 out 
of 10 horoscopes. 

MUTUAL RELATION BETWEEN MAN AND MAN 

The author came across instances in which Patvardhan correctly casts 
the horoscope of the son by observing the features of his father. He cites 
one such case. He cast within 15 to 20 minutes the horoscope, along with 
the positions of almost all the planets of Ganesh, the son of R.B. Narayanbhai 
Dandekar, after observing the latter's face. This feat has not been mentioned 
in any book, Patvardhan has himself hit upon the method by intuition. 
Anyway, it cannot be foreseen to-day what miracles would be possible through 
astrology. This science must be developed after testing cases by experience 
and then astrology like several other modern sciences would, it is believed, 
prove to be an excellent empirical science. 

SCIENCE OF ASTROLOGY ' 

There resides in Kumbhakonam a Sudra named Govind Chetty. His art 
is even more amazing than that of Patvardhan, It is reported that he not 
only tells the correct time of birth but also the questions in any one's mind in 
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any language together with their answers. But it could not be known if hfr 
does this with the help of astrology. He is not known to have written a work 
on this subject, nor has Patvardhan written any book so far. If they do,, 
that would be a lasting benefit to the world. Otherwise, their gifts would only 
pass into the realm of anecdote where we hear so much about Josls who once 
displayed marvellous powers of prediction, but whose trace was completely 
lost in course of time. Works on astrology do mention some methods of 
finding the birth ascendant from one's physical traits. But if there are some 
books on the art of Patvardhan and Govind Chetty, they are not accessible 
to all. There is however nej doubt that the basic principles of this art are 
traditional. 

Blessed are they who first determined the fundamental principles of astro- 
logy. They, for instance,discovered rules like the following : That certain 
peculiarities attend certain ascendants ; that the bodily condition of the native 
is to be judged from the first house ; that of the wife from the seventh ; that of 
wealth is considered from a particular house ; that a particular line on the palm 
denotes that the sun occupied a particular sign at birth and so on. We can 
safely say for the presenf that the science of astrology is built on some good 
foundation and that man is en rapport with planets.* It is difficult to describe 
briefly the true 'nature of astrological works. It is, therefore, proposed to 
relate the history of this branch in brief. V . 

HISTORY 

We knew that the 'divine' works on astrology extant at present are Gauri- 
Jataka and Kalacakrajataka or Kalajataka, and the 'non-human' or *ar§a 
works (i.e. those compiled by sages), are Parasari, Jaimini Sutra and Bhrgu 
Satnhita. • The ParaaM§ has two editiens-Brhat and Laghu. * The most ancient 
of the existing 'manSfae' works on astrology is the Brhajjataka of varaha- 
Mihira. At the efid of the work, Yaraha remarks. 

*Ever since !§aka 1815, the author has devoted considerable thought and effort in the light 
of Patvardhan's art to decide the question whether the layana or nirayana system is true to 
nature so far as astrology is concerned. But no decision seems to be possible for the present. 
The positions of some planets, discerned by Patvardhan from physical traits are o relative. 
For instance, he comes to know after reading the face, that there is a difference of 2 between 
the sun and Mercury or that a parti«ular planet occupied a particular place from me ascen- 
dant ' This does not lead td any derision. A still more important point is that the indica- 
tions now established by Patvardhan were first based on Keropant's Patvaronam Pancanga. 
For example, he observed in a number of cases that a particular feature was connected accor- 
ding to Patvardhani Pancanga with a certain degree on the ascer da n t or a certam degree 
denoted by a particular planet and then made it a rule to link that degree with the ascendant 
or planet in appropriate cases. He could as well have established such rules on the basis of 
, the Tsaysna almanac from the very beginning. If people well-versed in Patvardhan s lore 
and ablelb understand the difference between sayana and nirayana systems would continually 
toil for keeping a record for five or six centuries the difference in the sayana and nirayana 
positions of planets show an excess of 18° over the (nirayana) positions which Patvardhan 
sets down from ihe physiognamy of the native. If after 600 years it is noticed that, maintai- 
ning Patvardhan's rules, the difference between the positions of planets as found from pnysicai 
features and the sayana positions comes to 18° degrees only, the natural system for astrolo- 
gical purposes would prove to be a sayana, and if it comes to 26°, then it would prove to be 
purely sidereal (i.e. nirayana). While reading horoscopes, Patvadhan adopts the nffayan* 
' signs of exaltations and ownership, as abo the nirayana signs occupied by the planets and 
the ascendant. Nothing, however, can be decided from this. 
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meaning "Varahamihira after studying the views of sages, compiled this 
beautiful work on astrology." Chapter, headed 'conclusion.' Elsewhere Chap 

Lm ?8e H?'h« S f ° T S l p e W -° rd "Munigadjtam" meaning Mentioned by 
sages . He has referred to Parasara twice. He has referred to Mandavya 
in the chapter on 'Graha-Gocara' in Brhat Samhita. Similarly, Bhatotpala 
the commentator on Brbatjjataka has given quotations about astrology from 
tne Garg!, Badarayana, Yajnyavalkya and Mandavya works. 

They include quite a large number of quotations from the Gargi. Their 
works must have existed before Varaha. It shows *that there were at least 
five works compiled by sages Jbefore Varahamihira. In addition to these 
names, Varaha has referred to Acaryas like Satya, Maya, Yavana, Manithya, 
Jivasarma, Visnugupta**. Out of these, Satya's name occurs six' times, 
inere are, in addition, several vague references like "according to one, some 
one, others, earlier sastras, the earlier writers, etc." From this it appears 
that a number of " human authors " had lived before Varahamihira He 
has definitely mentioned the names of Six Acaryas, that 10 to 12 works were 
compiled, that they became popular and that five of them came to be adored 
as 'compilations of sages'— These things could not have possibly happened 
during a period of 50 or 100 years. They would easily require five or six 
centuries tor this ; and Utpala remarks (commentary on 7.7 of Brhajjataka) 
that the Visnugupta, referred to by Varaha, was Ca^akya himself. From 
this, he was possibly Canakya Visnugupta, the minister of CandraguPta ; 
and there are no reasons to disbelieve this surmise. 

BEGINNING OF THE PRESENT SYSTEM OF ASTROLOGY 

It, therefore, shows that works on astrology existed about 800 years before 
the time of Varahamihira, which means that our people had developed the 
knowledge of astrology 4 or 5 centuries before the Sakas. Even though it 
might not have existed in the same condition in the beginning as at the time of 
Varaha, it must have gradually developed into that state. The present system 
of astrology may have come into vogue from the time when Mesa and other 
names of rasis were introduced about 500 years before gaka era" It was, of 
course, preceded by the astrological system of the Atharva Veda. 

If the knowledge of astrology dates as far back as 5 centuries before Saka 
era, the system of mathematical branch of astronomy must have been equally 
ancient, because, no astrological consideraion is possible, unless the positions 
of planets in signs are known and the earlier discussion has shown that there 
is no reason for presuming that the branch of astronomy had not reached 
such maturity in such a remote period of antiquity. Moreover, it must be 
remembered that even though the mathematical branch had not been completely 
mastered, in other words even though the knowledge of true places and motions 
of planets was not attained, the ancients at least knew the mean motions and 
positions of planets and had undoubtedly attained before 500 B.S. a general 

*Additional quotations from other sages such as Garga, Yasistha, Bharadwaj, Saunaka 
and Am are found m other books. There is reported to be another work entitled Varvna 
bamhita. 

**In addition to this, the names of Devasvami & Siddhasena occur in the verses 7 & 8, 
ot Chapter 7, but Utpala says that the two verses do not belong to Yaraha ; other additional 
names are those of Sakti and Bhadatta or Bhadanta. Utpala says that ' Sakti' here means 
Parasra' and Bhadanta means 'Satya.' 
1 D.G.O./69 25 
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knowledge of the sign positions of planets (p. 127 and 146 of pt. I). Even if the 
true positions and motions of planets cannot be correctly found by calculation, 
the naked eye can at least show where the planet is in the sky, when it becomes 
direct or retrograde, when it rose or set heliacally. So then the knowledge 
of mathematics need not necessarily have reached maturity when the present 
system of astrology came into vogue in this country. The reason why planet- 
ary motions were considered in our country and the science of astronomy 
reached perfection (of course, within the limits of our ancient works) and 
remained alive till today lies mainly in the necessity to judge the possible effects 
of the movements of planets. The works on Samhita describe the effects of 
planetary movements. 1 he desire to foresee these effects, the need of auspicious 
moments for sacrifices or other rites and the effects of planetary movements 
on each person as in natal astrology are the three reasons why the science 
of astronomy originated in this country, developed to a considerable extent 
and continued to exist. (In Europe, the main cause of its reaching a very 
high degree of development as at present was navigation. Still even there 
these yery three things were mainly instrumental in the past in bringing the 
science to the same stage of development as in India). It is, therefore, evident 
that the present system of astrology must have been established before the 
science of astronomy attained 'its' full status ; that is, before the correct 
knowledge of finding true positions and motions of planets could be attained. 
Hence one cannot lightly dismiss as improbable the view that the present 
system of astrology became established in our country four or five centuries 
before Saka era. 

HISTORY OF WORKS ON ASTROLOGY 

The question whether we have borrowed astrology from the Westerners 
will be considered in the concluding chapter. Hundreds of works have been 
written on astrology. It is difficult to read all of them. The author describes 
breifly the history of some of those few works of which he has got information 
either directly or through tradition and for whose dates he could find some 
clue. But all these works are merely a drop in the ocean. 

PARASARI 

Parasari is a work much talked of by astrologers. It has two versions 
Brhat & Laghu. Laghu Parasari is available and in extensive use. There 
are several commentaries on it. A work entitled Brhat Parasari was printed 
in Saka 1814 by Sridhar Sivalal in the Jnanasagar Press at Bombay. It 
consists of two volumes. Part One contains 80 chapters, but only 51 of them 
could be procured with difficulty from different places, and it is stated in the 
book that even these were fragmentary and had to be completed from other 
versions before they were printed by Sridhar, the son of Jatasankar. The 
first part contains 4196 verses. We have no means to ascertain which of them 
were original and which were interpolated by Sridhar or by the printers. 
At one place, a verse describing the method of finding the ayanamsa has been 
taken from the Graha Laghava without acknowledging the source. In short, 
there is no sense in saying that part one, as it stands in a printed form to-day, 
is the same as the original work of Parasara. Part two has 20 chapters. Most 
of the verses in it numbering 812 in all are in 'anustupa' metre. It has been 
remarked that whatever is not available in this part should be found from the 
Horasastra by Garga. At some places we are asked to adopt certain pro- 
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cesses after converting a planet's place into its Sayana equivalent. It shows 
that there must have been some admixture in it after Saka 500. Part one of 
Parasari which is in the Government Library at Tanjore contains 1650 verses 
The first chapter in it is entitled " Rasi Svarupa". Its first two verses are 
as follows : — 

*r*rtf^Rsfe (?) ^mgvw: i ifT^rnr *r#*nT?rr3rTfaT^ ?r: n t n 

^>^^^frfa^^n?rretr: i **faqit sf<j ?r^r vm: n r h 

The editions printed in Bombay do not contain this chapter or these verses. 
The third chapter in it is headed, Rasi Svarupa, but that too does not contain 
these verses. The last chapter of the Tanjore version is entitled "Arista- 
dhyaya ", but it is the fifth chapter in the Bombay edition. It cannot be said 
with certainty if the Parasari written before the time of Varaha is existent 
anywhere at present in its original form. Bhatotpala observes :— 

TnTsr^qr .tff^rr ^?nrcinfn£tsT ?r arm i «jq£ fpwt ttt^r^t f^r i 

" We hear that Parasari has three parts. That is why Varaha has referred 
to Sakti (Parasara) (See verse 1, Chap. 7.) But we have seen Parasara's 
Samhita only and not his Jataka ". 

Parasari was not well known even at the time of Bhatotpala (Saka 888) ; 
how could it be so in the present time ? Laghu Parasari which is at present 
available, is in the same condition. It is also known as Ududayapradipa. The 
author declares at the outset, " I am compiling this Ududayapradipa on the 
basis of Parasari-Hora for the satisfaction of astrologers ". It is clear from * 
this that the work was not written before Varaha. 

JAIMINlSUTRA 

A very small work named Jaimini Sutra, with four chapters, consisting of 
aphorisms in prose form is now widely known. Several commentaries on it 
are available. This work contains Greek words like riphpha, aar etc. Varaha- 
mihira and Bhatotpala do not make any mention of the Jaimimi Sutra in their 
works. One may say, therefore, that if there was actually an arm work entitled 
Jaimini Sutra, it is doubtful if it has been retained in its original form. Burnell 
says that Jaimini Sutra is in extensive use in Malabar. 

BHRGU SAMHITA 

This is a very famous work. It appears to be an " arsa " work from its 
name, but Varahamihira and Bhatotpala have not referred to it. It cannot 
be said, therefore,, with any certainty that the work belongs to a date earlier 
than the two authors. It is reported that the birth horoscope of any person 
can be found in it. If it be a fact, it must be a collection of 74649600 horos- 
copes, representing all signs on the ascendant and all possible positions of 
planets in the twelve houses. Assuming that 10 verses have been devoted 
to the reading of each horoscope, it must contain at least 75 crores of verses. 
Some horoscopes purporting to be extracted from Bhrgu Samhita are available, 

25A 
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from which it appears that there are different horoscopes for different degrees, 
of each ascending sign. If such delineations have been given, the number 
of horoscopes would far exceed the above number. The author came across 
a printed copy of a part of Bhrgu Samhita in the possession of a Marwari 
gentleman of Poona, It contained about 200 horoscopes, with nearly 70 
verses assigned to each horoscope and the total number of verses is 14000. 
The work abounds in solecisms of all sorts and the ascending signs in it are 
not arranged in any order. In the Government Library at Jammu, in Kashmir 
there is a work named Bhrgu Samhita. The Library has a printed Catalogue 
of books which shows that the ascending signs in the work are arranged in 
order, and the total number of verses appears to be about 160000. If 70 verses 
are allotted to each horoscope as above, the work must be containing about 
2300 horoscopes. Those who possess some parts of Bhrgu Samhita may, 
on certain occasion, be playing a hoax on the consultant by palming off on 
him a new horoscope in the name of Bhrgu Samhita. Nevertheless, there 
is no doubt that there does exist a work' known as Bhrgu Samhita'. The 
author has seen some horoscopes delineated from it and he is of opinion 
that such delineations are in a large measure correct. 

i 

There is a work-in the Anandasrama of Poona, entitled " Bhrgiikta Jataka- 
Kalpalata" compiled on the model of Bhrgu Samhita. It contains 1800 
verses. It has considered about 200 combinations of planets staying in different 
houses ; in other words, so many horoscopes have been examined. 

NAPI GRANTHAS 

Chidambaram Iyer B.A., referred to on page 287 before, writes in The 
Hindu Zodiac : — The works named Nadigranthas contain horoscopes for all 
persons past, present and future. The author has himself seen five Nadiworks 
and has heard of five more. The Dhruva Nadi by Satyacarya is the' best of 
all. Seventy parts of it are in the possession of different persons in South 
India. It contains true nirayana positions of planets at the time of the birth 
of each man. The difference between them and the accurate sayana positions 
in the beginning of 1883 A.D. as found from the Nautical Almanac is found 
to vary from 20° 23' 8" to 20° 25' 22". From this 20° 24' 15" has been deter- 
mined as the ayanamsa for that year. This statement contains two important 
facts. The first is that there are very voluminous works like the Bhrgu Samhita 
extant in the Madras Presidency ; and the second is that the planetary posi- 
tions in them are correct within 2£ minutes of arc, as compared with those 
of the Nautical Almanac. (The difference due to Ayanamsa is not an error). 
Chidambaram appears to be a learned and reliable gentleman from his writings. 
Hence, it is really very surprising that the planetaiy positions given in the Nadi 
works are so very accurate. 

YAVANACARYA 

Varahamihira has referred to Yavanacarya. Bhatotpala writes in his 
commentary on verse 9, Chap. 7, of Brhajjataka, "Sphujidhvaja", the Yavana 
king compiled another scientific work after the beginning of the Saka era ", 
Varahamihira hascited the views of Yavanacaryas before him. The author has 
not seen Yavanacarya's work, but he has seen one by Sphujidhvaja. He has, 
in his work, remarked " The Yavanas i.e. the Greeks say ". This shows that 
one or more Greek astrologers, whose works were not available at the time ot 
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Bhatotpala, lived before the time of Varaha. It seems to be Utpala's view 
that they lived before the Saka era. There may have been only one Greek 
work but it may be that it was followed by a number of Yavan^as TcreelcO 
and hence, the word 'Yavana' continued to be used in the plural bI? 
pa a has called Sphujidhyaja himself Yavanesvara, and has taken quotSs 
only from his works as if they belonged to Yavanas. (This work too is written 
m Sanskrit). There is a work, named Minaraja Jataka, at present available 
It is also known as Vrddha Yavana Jataka or Yavana Jataka. It is remarked 
m the beginning of the work " The science of astrology which was explained 
by a former sage to Maya had one lakh verses in it, but was abridged by MhTa- 
raja into 8000 verses ". Bhatotpala has quoted 12 verses describing the na ure 
of signs as extracts from Yavanesvara (see commentary on verse 5, chap 1 
BrhaijataKa) and these are found in the Minaraja Jataka. But many other 
verses cited by Utpala as extracts from Yavanesvara are not found in the 

M !fT ja A^ ataka ' T Fr ? m this il a PP ears that the works by Sphuijdhavia 
and the Minaraja Jataka are different from each other and the Yavana who 
lived before Varaha, appears to be quite a third party. The later works were 
compiled by abridging or enlarging the ancient works, and the three writers 
possibly held the same view. 

The works Brhajjataka and Laghujataka by Varahamihira and Prthu- 

yasa s work, Satpancasika; are now-a-days in use. All these three works 

have commentaries of Utpala. Ananta, brother of Ganesa Daivajfia, author 

ot tne Grahalaghava, wrote a commentary on Laghujataka in Saka 1456 

iT*Z w- a co i n ?? , ? ta £ y on B ? ha JJataka by Balabhadra, in addition to those 

by Mahidas and Mahidhar. The two latter and Mahidas and Mahldhar the 

commentators on Lilavati, might have been the same persons. There is another 

commentary named Subodhini on Brhajjataka in the Govt. Library at Tanjore 

liie Auirecht Catalogue mentions 5 or 6 more names of commentaries The 

Minaraja-Jataka contains quotation from Laixa. Nrhari, the author of 

Jatakasara has also mentioned Lalla's name among the authors of astrological 

works. This shows that Lalla may have written a work also on astrology 

Bhatotpala has borrowed a number of quotations from Saravali, and one 

ot these quotations has mentioned Varaha's* name. From this Saravali 

appears to be a work, compiled after Varaha but before Saka 888. A work 

named Saravali has come to my notice. (The quotations given by Utpala 

could not be found in it.) Its author is one Kalyana Varma. He has also 

called himself as Vatesvara. He has compiled the work after selecting different 

portions from the works by Varahamihira, Yavana Narendra and others 

An astrologer named Vatesvara lived about Saka 821. (See page 190) 

It would appear, therefore, that the Saravali quoted by Utpala and the one 

compiled by Kalyana Varma are the same work, and its date is about Saka 

821**. The commentary by Utpala mentions the names of Devakirti (1.19) 

and Srutakirti (1,7,8,9) in addition to the above. There is a work, Jataka 

Paddhati, on astrology by Sripati. I think that this Sripati and Sripati, the writer 

of Ratnamala, are one and the same person, considering the commentaries 

of Madhava on these two books. Madhava's commentary on Ratnamala 

mentions Vrddha Jataka, a work on astrology, which shows that the work 

belongs to some date prior to Saka 1 185. KeSava of Nandigram (about Saka 

*See commentary on Chap. 7, Yerse 13. 

**Sudhakara says that it mentions the names Mandil, Devakirti, and Kanakacharva, 
According to Sudhakara the date of its compilation is the same as that of Brahma Gup'ta 
but the view has not been supported by any proofs. 
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1418) has, in his^ commentary on Jataka Paddhati, cited the following works 
and authort :— Sridhara Paddhati, Mhalugi Paddhati, Damodhara, Rama- 
kr§na Paddhati, KeSava Misra, Vallayu Paddhati, Hora MaYkanda, and, 
Laghu Paddhati. The first four of these names occur even in the Vi^vanatbr 
commentary. All of them^ must have lived before Saka 1418. Bhaskara- 
carya has mentioned one Sridhara as the author of a work on Bijaganita 
(Algebra). Madhava, the commentator of Ratnamala, has referred to one 
Sridhara, with reference to a Muhurta work. All the three Sridharas and the 
Sridhara, author of Ganitasara mentioned before on page ( 95 ), may have 
been the same person. Damodhara himself may be the compiler of Bhata- 
tulya Karana (Saka 1339). There is a small book on astrology, named, 
Bhava Nirnaya, written by Vidyaranya. A small work consisting of 40 verses] 
entitled Jatakapaddhati, compiled by KeSava of Nandigram is very widely 
known. The work itself is called Kesavi. Kesava has himself written a 
commentary on it._ Visvanatha has written an Udaharana' commentary 
(Page 156 ). Narayana (Page 158 ) and Divakara (Page 162 ) have 
alsp written commentaries on the work, and the Aufrecht Catalogue mentions 
7 more. It is at present printed with its Marathi translation and Udaharana' 
in Marathi. There is an astrological work entitled Jatakabharana by Dhundi- 
raj. It belongs to about Saka 1460 ( see Page 146 ). It states astrological 
effects in a definite order and hence it is very useful in casting horoscopes. 
There is one Jataka Paddhati of Saka 1480 (circa) by Ananta, The work 
Jatakottama is referred to in the commentary on Muhurta Martanda which 
indicates that the work belongs to a period before Saka 1493. A work named 
Jataka Muktavali by Sivadasa has been mentioned in Visvanath's Commen- 
tary on the Jataka paddhati of Kesava. There is a voluminous work, entitled 
Horaskandha-Niruparja, which was compiled by Visvanath Pandit, son of 
Rama, under the direction of King Virasimha. It is also entitled * Virasimho- 
daya Jataka Khan^a '\ The date of this work could not be found ; but, 
as it combines quotations from the Jatakabharana, it must have been compiled 
after Saka 1460, probably about Saka 1500. It is very useful to those who 
prepare horoscopes, since it describes results of planetary positions in an orderly 
manner after quoting lines from several ancient works. It was not seen in 
a printed form anywhere, but it is really worth printing. It contains quotations 
from several ancient works. Among them are found names of authors like 
Saunaka and Gunakara and those of works like Samudrajataka, Horapradipa, 
Janma Pradipa. There is a voluminous work named Jataka Sara by NrharL 
The author remarks in it in the beginning, " Vasistha, Garga, AM, Pariisara, 
Varaha, Lalla and others have compiled Scientific works on Hora. But the 
results in them have not been given in an orderly manner. In order, there- 
fore, to enable one to write the effects (of planets) in the horoscope in a syste- 
matic way, I am writing this work with the help of Saravall, Horapradipa, 
Janma Pradipa and similar other works." There is a work, Jatakalankara, 
by GaneSa which is in extensive use. Kanhaji, the grand father of GaneSa 
and a Brahmana of Bharadvaja gotra, was highly esteemed at the court of a 
king of Gujerat. He had three sons, Suryadds, Gopdla and Ramakrsna. 
Gopal's son Ganesa compiled the Jatakalankar at Bradhnapur in Saka 1535. 
It has six chapters. GaneSa' s guru was named Sivadasa. The author hap- 
ned to learn from a book that Bradhnapur is the same as Burhanpur. But 
it cannot be said for certain that Jatakalankara, was written at Burhanpur. 
This work, has a commentary by Harabhdnu, son of Krsna and surnamed 
Sukla. The commentaror says that Bradhnapur is the same as Suryapur- 
Divakar, referred to on page 162, has to his credit a work entitled 'Padmajataka', 
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consisting of 104 verses, which was compiled in Saka 1547. A work named 
PaddhaUbhusana was compiled in Saka 1559 by Soma Daivajria, son of 
Rudrabhata who was a Rgvedi Brahamana of Jaladagram. This Jaladagram 
may be the same as Jalgaon, in Khandesh. The work Paddhati-bhusana 
has a commentary by Dinkar, in which Saka 1729 has been adopted for the 
example. It is not known if this Dinkar is the same as the one described 
on page 175. Balabhadra, son of Damodar, wrote a work named Bora 
Ratna. It may have been wirtten about Saka 1577. Mora Kaustubha is a 
a work compiled by Govinda, son of Narahari, about Saka 1600. The two 
VfOT 6 ks > H °™ s ™ a S . udM Nidhi an <* Nam Jataka Vyakhva, by Narayana belong 
to Saka 1660 (circa). Sudhakara writes that there is a good work on Astrology, 
entitled Prasna Mamkyamala, by Paramananda Pathak. It consists of four 
parts. Paramananda, who was a Sarasvata Brahmana, was the chief astro- 
nomer at the court of Balvant Singh, king of Varanasi, about Saka 1670. 
There is a work Paddhati Candrika by Raghava (see page 175). According 
to Sudhakara, there was a capable Jyotisi named Govindachari at Varanasi. 
He was skilled m 'mdrana* (killing by magic) 'Mohana' (hypnotism) and such 
other occult practices; he later on settled near goddess Vindhyavasini and 
compiled two or three works including Sadhanasubodha, Yogini-dasa etc. 
after Saka 1775. He died in Saka 1782. Anantacharya Mhalagi a resident 
of Sholapur, and an astrologer, has written works entitled Anantaphala-darpana 
and \Apabhati Jataka. The first was written in Saka 1798; it deals with 
both Jataka and Tajaka. One Apa Josi Bhandarkavathekar was the preceptor 
of Anantacharya. (He died about Saka 1788). All his predictions used 
to prove very accurate. He had formulated some new rules after making 
some modifications in those ancient works. Anantacharya said in Saka 
1806 that these revised rules are to be found in his own works. 

KERALA SYSTEM 

There is a system of astrology known as the Kerala system. It appears 
to propound certain rules which differ from the rules usually found in other 
works. There are several works on the Kerala system. 

HORA ASTROLOGY 

Whether an event will happen at all, and if so, when and how— such and 
other questions are put to astrologers. There are several systems of dealing 
with questions (prasna). One of the systems is to answer a question from 
the ascending sign in the horoscope which is cast for the moment when the 
question is put and hence the 'prasna' forms a part of the 'Hora-Branch' or 
astrology. But some of the methods of examining a question have nothing 
to do with the science of astrology. But there is a popular belief that one 
who is known as a Jyotisi must be able to give out predictions about each 
and every matter ; and hence any question can become a subject for astrologers' 
scrutiny and each book on Prasna' is included in astrological Literature. 
There are several works on 'PraSna' or Hora astrology. Prasna Naradi is a 
small manual attributed to a sage, which contains only 32 verses. It is said to 
be a part of the Narada Samhita. But the Narada Samhita, as it is at present, 
resembles the Brhat Samhita and does not contain this Chapter. Among 
the 'human'(Paurusa) works extant at present, the work Prasna Jnyana ar 
PraSna Samapti' by Bhatotpala consisting of 70 couplets, appears to be the 
most ancient (Saka 888). 
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RAMAL 

There is a system of Prasna Vidya (question hora) in which all the faces 
of dice are marked with dots and problems are answered according to the 
casting of the dice. This system is known as 'Pasak Vidya or Ramal\ Ramal 
is an Arabic word. In the Sanskrit works on the subject of 'Ramal' which 
are extant at present, one comes across technical terms which are mostly 
Arabic ; and hence one is likely to think at first-sight that this system originally 
belonged to Muslims but that is not so. A manuscript written on birch tree 
leaves in a script current in the times of ancient Gupta kings has been found 
by a European gentleman named Bauer. They consist of treatises devoted to 
three different subjects. It has been proved that the book was written some 
time between 350 to 500 A.D. In that work* is found a system somewhat 
similar to the present Ramal system ; but most of the terms used in it are 
Sanskrit and some Prakrit. There is a copy of the Garga-Samhita in the 
Royal Library at Tanjore ; which contains a chapter captioned "Pasakavali" 
consisting of 235 verses. A verse from it has come to author's notice ; it con- 
tains** the technical term 'Dundubhi' which occurs also in the work referred to 
above: This proves that the Ramal Vidya originally belonged to this country. 
The language of the TaSakavall' included in Bauer's manuscript, suggests 
that it may have belonged to the 3rd or 4th century*** before Saka era and 
it appears from this, that the Ta^ak- Vidya' was known in this country in those 
days. As time elapsed, the original Sanskrit works disappeared and fresh 
works were written in Sanskrit on the basis of Arabic works. It cannot be 
said for certain from what date they began to be so compiled. Bhatotpala and 
Sripati have each a work on Ramal to their credit according to Aufrecht 
Catalogue. The work Ramalamrta written in Saka 1667, refers to Ramal- 
works by Sripati and Bhoja. One wonders whether Jyotisis from Sind who 
had gone to Arabia in the 7th Century of the Saka era, might have brought 
back Ramal works with them. The author does not know if the systems 
embodied in the two, Pasakavali works mentioned above and in Ramal are 
identical. Such a comparison alone can decide if the art of Ramal was inde- 
pendently developed by the Muslims or whether transmitted from India in 
ancient times. 

There are several works on RamaL An astrologer, Cintamani by name, 
wrote a book named Ramal Cintamani. It contains about 700 verses. The 
copy of the work in the Anandasrama was written in Saka 1653. It may 
have been, therefore, compiled before Saka 1600. Jayarama, an Audichya 
Brahmana and a resident^ of Prakase in Khandesh compiled Ramalamrta 
at Surat in Samvat 1802 (Saka 1667) which contains about 800 verses. 

DREAMS 

Prophecy based on dreams and the falling down of lizards may be said 
to form part of either Samhita or Hora ; works written independently on them 
are some times found. 

* Articles containing an account of the discovery of the manuscript in some part of the 
text and an estimate of its date of compilation have appeared in the Journal of the Bengal 
Asiatic Society, for Nov. 1890 and April 1891, as well as in the issue of the Indian Antiquary 
of 1892 A.D. At present, the work is being printed by Dr. Rudolf Hornul. 

**BijrnelPs Catalogue. 

***Bauer's manuscripts contain a work on 'Mantra £astra' which clearly appears to 
have been written by a Buddhist. The Sanskrit of Pasakavali is not quite pure. The follo- 
wers of Buddhism were more inclined to compile works in Prakrit than in Sanskrit. It 
would appear from this that Pasakavali may have belonged to the times of Candragupta. 
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TAJIK 

Tajik is the name of that system by which predictions are made about 
the happiness or woe to be experienced by any man during any year of life, 
by interpreting the ascendant and planetary positions in the horoscope cast 
for the beginning of that year when the Sun's longitude is exactly the same as 
at birth, which, in other words becomes a horoscope for the moment when 
■a person completes one year of life by the solar reckoning and begins the 
next. There is a work on 'tajik' named Hayanaratna' by Balabhadra,* 
son of Damodara. The following remark is found in it : — 

This also mainly gives the same definition as the one given above. It 
would also show that the Tajik branch was borrowed from the Yavanas. 
There is a work, named Tajik Bhusana Paddhati by Ganesa, son of Dhundiraj, 
a resident of Parthapur, compiled about Saka 1480, The writer remarks 
in it : — 

(Meaning. The Science known as Tajik which has been propounded by 
Garga, Satya and other Greek writers like Romaka mukha ) 

This also shows that it was borrowed from the Yavanas. There is a 
Tajik-work, named Daivajnalafikrti by Teja Simha. It appears** to have 
been written about 1300 A.D. as can be seen from the estimate of its date made 
by Prof. Bhandarkar. There is a work namea Tajik Tantrasara by Samar 
Simha. There is a copy of it*** in the Deccan College collection written in 
Samvat 1491 (Le. Saka 1356). From this it appears to have been completed 
many years before the date. The Samar Simha referred to by the author of 
'Hayana Ratna' may have been the same person. Anyway the Tajik-branch 

*Balabhadra was a Brahamana of Bharadvaja Gotra and a resident of Kanauj on the 
bank of the Ganges. His guru was one named Rama. He states that he wrote the work 
^vhen he was living at Rajmahal with Shahsuja, the 'lord of the Earth'. His grand father, 
Lai, was a Jyotisl. His sons Devidas, Kshemankar (Kshsmakarna), Narayaoa, an d Chatur- 
bhuj Mishra were all scholars. Devid^s has written a work on arithmetic and a commentary 
on the Sripatipaddhati. Damodara has written a commentary on Karana Kutuhala by 
Bhaskara. Balabhadra had a younger brother, Hari by name. All this account is given 
in Hayana-Ratna. The date of the work is given in the following lines : — 

qVft *mn£: *pr: ^f (?) €* sW^rfa: wrfrTfa: 
f^rfr ^Tfaf^^ (? f ^) ^f (*wr) tf *r# *frft ^: i 

There are some doubtful places in this. The author has no tims at present to find the 
xiate by trying different years and months. Sudh^kar has found Saka 1564 as the date from 
the verse but it is wrong. This date of the work is stated to be 1656 A,D, in the Aufrecht 
Catalogue. 

** Report on the Search for Sanskrit manuscripts for the year 1882-83. 

***The year 1491 noted against No. 322 of 1882-83, in the Decean College collection 
seems to be a year of the Yikrama Samvat since calculation shows that the date of com- 
pilation," Thursday, the 10th Lunar day of tha dark half of IVBrgasirsa "agross with Thursday , 
the 10th Lunar day of the Amanta Margasirsa of Saka 1356 *\ 
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of astrology must have been introduced into our astrology after Saka 1200, 
that is, after Muslim rule was established in our country. In many books 
the word 'tajik is found in its sanskritized form 'Tartlyak" ; but it seems to 
have been formed from the word 'Tajik' itself. The word 'tajik' is also written 
as tajak 

When we say that we have borrowed the 'tajik' branch from the Yavanas, 
it simply means that we adopted from the Yavanas the idea of giving the 
annual reading from the ascendant of the annual horoscope which is cast 
for the moment of one's entry into a fresh year of life, and some technical 
terms about it. The rules of casting the horoscope and the rules for predic- 
ting results therefrom are almost the same in the Tajik as in the Jataka and 
they originally belonged to us. 

There are several other works on Tajik in addition to those mentioned 
above There is a work, named Tajik-paddhati by Kesava of Nandigram, 
with commentaries by Mallari and Visvanath. There is also a work Tajak- 
sara, written by Hanbb.atta atWt Saka 1445. There is also another work 
named Tajakalankara by SQrya, the son of Jnanaraja {see page 144). Tajik 
Nilakanthi is a work written (by Nllakantha) in Saka 1509. Govinda, the son 
of Nilakantha, wrote a commentary on it named Rasala m Saka 1544J wnicn 
has been printed. Similarly, Madhava, the grandson of Nilakantha wrote 
a commentary on it in Saka 1555. {See pages 147-149). Visvanatha 
also has written a commentary on it. This work is at present in extensive 
use. Balakrsna of Yajnavalkya Gotra, a resident of Prakashe on the northern 
bank of the Tapti, wrote a work entitled Tajik Kaustubha in Saka 1571 ine 
names of the ancestors of Balakrsna, from his father upwaras were ^adaya, 
Ramakrsna, Narayana and Rama. There is a vohimmous work entitled 
Tajak Sudha Midhi by Narayana, written about Saka 1660 (see page 168) 

EPILOGUE 

We have so far discussed Indian astronomy in elaborate detail. The 
condition of astronomy in the Vedic and Vedanga periods preceding the bid- 
dhantic period was described in Part I and that in the Siddhantic period L in 
Part II. Each of the three main branches of Jyotisa viz. Ganita*, Sammta 
and Jataka has been separately treated in Part II. Now the author offers nis 
concluding remarks on this Survey. ■ 

^he author will add here some more information about other mathematical works 
which were received later (From the Notes on the Hindu Astronomy by J. Burgess, \W5 . )• 

(1) Europeans first obtained some knowledge worth the name about Indian Agronomy 
from a copy of an astronomical work procured from Siam. This work has adopted I 365d 
f S5 r P -30v y as\he iSgth of the year (which is the same as that in the 0*^?™**^ 
and Khmdakhadyaka). Cassini, a French astro nomer^ays that the epocfcj ^£gj ^_ 
been given for Saturday, the new moon day, 21st March, 638 IAD J A ^°™ T f ° the brigh t 
nal Surva Siddhanta, the mean Aiies ingress occurred on the 2nd lunar dayoune •"« 
S f of Vaifakha, Saka 560, i.e. Sunday the 22nd March 638 at 12gh 58p after (mean sun 
rise, and the preceding mean new moon of Caitra occurred on .Friday at f J^ 5 f ^i 0n s 
Saturday, 21st March according to European recknonmg) The ongi nal ep o«J"PJp * The 
ray have been true for Narasingpur near Pithapur in Godayan district or for VmbmJ^ i * f 
«Tn\ flno^P mven in this work is 80°- The maximum value of the equation oi cenir 
?fe Sun ^ 2M 4° and I that for the Moon is 4°-56'. This shows that the work may have 
flowed dther the original Surya Siddhanta or some Karana work now lost, by Aryabhata 
I who followed the Suryu Siddhanta. _ 

(2) Ullamudayari s Karana, .Saka 1165. 
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What Foreign Element Has Entered Indian Astronomy 

Most of the European scholars are of opinion that the Indian people bor- 
rowed astronomy, particularly mathematical astronomy and astrology ftom 
the Chaldeans (Babylonians), the Egyptians or from the Greeks of Alexandria. 
This view has already been considered incidentally in the toregoing pages. 
The question will now be thrashed out in greater detail here and then otner 
matters will be taken up for consideration in this conclusion. 

Naksatra System Not Babylonian 

The question, to whom the naksatra system originally belonged or who 
first originated the Rasi system is immaterial. The author has already stressed 
the fact that what is really of supreme importance is the mathematics 
relating to the mean motions and true motions of planets. He has, however, 
come across an important article concerning naksatras which is summarized 
below : — 

This important article on the question whether the naksatra system origi- 
nated with the Babylonians was written by Dr. Thibaut m 1894 in ^Bengal 
Astatic Society's Journal Vol. 63 for the year 1894. A number of Babylonia* 
toWete have been recently excavated. Father Epping took great pains to 
decipher the writings on the clay tablets with the help of Father Strassmaier 
aS pubushed some facts of astronomical interest in his book Astronomisches 
S Babylon in 1889 A. D. The tablets which have been found, contain many 

^The Vakyakarana, Krishnapur Saka 1413. The new moon preceding the epoch of 
the work, i.e.,the30thlunarday ofthsprevious year's Phalgunafellon 10th March. Warren, 
attributes the work to Vararuci. 

(4) The PaOcMga Siromani^vs^r, 1569 (or 1659). ThM=^ °f ^ ^J^a^ . 
by these two works is 365d-15g-31p-15v, that is the same as that of the fir.t ^SidOhanM 
They, however, give 2°-10'-34" as the equation of centre for the Sun and 5 -I -u> as uwi 
for the Moon. 

(5) The Graha Tarafigini, Saka (n) 2618. 

(6) The Siddhanta Manjari 1619. From Warren's KalasankaliW:— 

(7) Mallikarjuna's Karana-work, Saka 1100. The abdaps etc. adopted ^ are \^e 
for the longitude of Rameswara. Mallikarjuna was a Telang. From this it seems mar wis 
work may have followed the S. S.. ,. 

(8) Bi-iaiityaKaUu's Acrapawork, Saka 1378, true for the longitude of Ramesaara. 
From the list of books presented by Bentley to Cambridge University). 

(9) The Brahma-Siddhanta, 26 Chapters, 11 of which are devoted to astronomy and 

remaining to Muhurta etc. It begins with the verse :— 
remainng shryarkah paramo bramha shryarkah paramah Shivah. 

(10) The Viwu Siddhanta containing 11 chapters. The opening verse is the same as tne 
one in the Brahma Siddhanta above. 

(U) The Siddhanta Laghukhamanik, 15th Century A. D. compiled by Kesava, follows 
S. S. and contains 9 chapters. 

il2) The Surya Siddhanta Rahasya, compiled by Raghava, -aka imj. 

(13) Mathuranatha's Surya siddhanta manjari, §aka 1531. Mathuranatha was an astro- 
nomer at the court of a king named satrujit. _ , 

™ TteJyotissiddhantaSara, £aka 1704 ; this is compiled b, ^^gfS* 
to on page 174 before); contains 8 chapters. Sadananda, father ot Matnu ran i , 
originallyaresidentofPatna^utlateronshiftedto V«anasi. This work appears to 
been written with the help of some European work. u t - t - B nnt rmtta 

(15) The Graha Manjari. The date of its compilation has been given, but it is not qun 
intelligible. 
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records of observations. For example, "On the 20th night of the month of 
Aim (April or May) in the 189th year (124 or 123 B. C.) of the Seleucidan 
Era, Venus was visible or expected to be visible in the eastern part of the sky. 
The star in the region of the head of the constellation Aries appeared at a 
distance of 4 yards above it. * In the same year Mars appeared in the eastern 
sky on the 26th night of the month of Abu (July or August). At a distance 
of 8 inches above it was seen the Western star in the mouth of the constellation 
Gemini, in the same year, Mercury set while in the sign of Taurus, on the 
4th day of the month of Aim. In the year 201 of the seleucidan Era, Mars 
rose in the sign Libra on the 8th night of the month of Tischritu". Consi- 
dering all these things, Thibaut came to the conclusion that the Babylonians 
used to indicate planet's positions with respect to the signs and that the 27 or 
28 divisions of the ecliptic called naksatras were never current among them. 
Thus there is no room left for the contention that the Hindus borrowed the 
naksatra system from the Babylonians. In other words the contention must 
be dismissed as worthless.** 

Views of Europeans 

Let us now examine the views of Europeans regarding planetary motions 
and astrology. Some of our people regard the views of European scholars 
as gospel truth, no matter what the calibre of the scholar concerned is. 

It is really surprising that even some of our seasoned scholars feel that way. 
But it is not proper to arrive at any conclusion unless we consider the locus 
standi of the scholar delivering the judgment on some question or unless we 
are ourselves fully entitled to form our own judgment. Other people na- 
turally rely upon the views of eminent scholars, and hence, such scholars should 
declare their views only after due consideration. Now, as for making a pro- 
nouncement on the mathematical branch of astronomy in India and Europe, 
one is entitled to compare the works compiled in the two nations and to de- 



* It could not be decided whether the information contained in these writings was the 
record of positions actually seen or of those which were expected to occur in future. The 
capacity to predict requires knowledge of mathematical astronomy. It has not been defi- 
nitely known if the Babylonians possessed such knowledge in those times. 

** While commenting on this point, Thibaut remarks that history does not support 
the view that the Chinese naksatras were originally 24 in number, and that later on about the 
year 1100, they became 28* Although Thibaut observes that all the three system viz. the 
Hindu, the Chinese, and the Arabic have much in common, he has not given cny reasons 
for this similarity. But in his private letter dated 5th September 1896, he writes to the 
author ; "I have not as yet found <* satisfactory explanation for the similarity of the Chinese, 
Arabic, and Hindu naksatras". If any two persons, who have absolutely no relation to each 
other, begin to select stars lying on the moon's path, they will naturally select prominent 
stars of the first magnitude, like Rohim, Punarvasu, Magha, Citra and Jye?tha. The same 
would be the case with Asvini and other stars of the second magnitude. Similarly, clusters 
of faint stars like those of Krttikas will be found in the selecton of both. This principle is 
acceptable to Thibaut and shouldbe equally acceptable to others. Still in view of the fact 
that the stars Mrgasirsa, Mula, Purva and Uttar^ Bhiidrapada, and Bharani are common to 
all the three systems, that Purva and Uttara Phalguni are selected by the Hindus and the 
Arabs, while the Asle?a naksatra is common to the Hindus and the Chinese. Thibaut is in- 
clined to believe that the three systems must have originated from a common source. But 
if the moon and the stars are observed for about 10 years, or even for one year, the stars chosen 
by two or three persons will naturally be found to agree not only this, but also one cannot but 
be convinced that all the naksatras have been suggested to the Indian mind in the natural 
course. The author is convinced in that respect by observing the moon's conjunction with 
.stars for more than ten years. It is not that the Chinese naksatra system tallies with that of 
the Hindus completely. There is some difference between the two; and it is quite probable 
that the Chinese might have established their system independently. 
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clare who borrowed from whom, if only one has a fair knowledge of the prac- 
tical and theoretical astronomy of both India and Europe, or of one of these 
two pairs or at least of some part of practical or theoretical astronomy of 
both. Similarly, for making a pronouncement on astrology, one must have 
at least an elementary knowledge of astrology in addition to the competence 
mentioned above. In the same way, one must have sufficient means at one's 
command for one's competence in this respect varies with such means. Such, 
means as would enable one to pass a correct judgment on Indian astronomy 
are multiplying every day. The means that we possess at present were not 
available 10 years ago. 

Colebrooke, E. Burgess, Whitney, and Dr. Thibaut have expressed their 
views on the mathematical branch. The author has no first hand know-- 
ledge of Greek astronomy, but some facts could be gleaned from the 
writings of these four scholars. He is, therefore, reproducing here, verba- 
tim, necessary passages from their writings. Even European scholars have 
no knowledge of Greek astronomy before the times of Ptolemy, because, as 
Thibaut* s remarks would show later, it is not available at all. Colebrooke 
gave his verdict during the period from 1807 to 1817 A. D. The verdicts of 
the next two were given about 1860 A. D. while that of Thibaut was given in 
1889. Much of the information about Indian astronomy that is given in 
this book was not available to Colebrooke. A considerable part of it was also 
not available even in the times of Burgess and Whitney. Most of it is now 
available to Thibaut, though part of it is still wanting. Apart from the ques- 
tion of the material at their disposal, all of them are competent to judge this 
question and their judgment, favourable or adverse, must naturally carry 
weight. Burgess and Whitney had the same material in hand ( see page 43 ) 
and yet they have expressed divergent views. Bentley has not devoted much 
thought to the question regarding the origin of astronomy. Dr. Kern in his 
Preface to the Brhat Samhita (1865 A. D.) and James Burgess in an' article 
published in 1893, have made only some passing remarks on the question. 
Both of them have expressed the view that the Hindus have borrowed both 
astronomy and astrology from the Greeks. But as they have not written 
articles specially on this subject, their discussion is not elaborate and is lacking, 
in necessary evidence, and, therefore, the author is not reproducing it here,, 
though he will incidentally deal with their views later. Apart from these 
authors, he has neither seen nor heard of any English article on this subject 
written by a competent European scholar. No one from amongst our own 
people too appears to have written on this subject. The views set forth below 
may also impart some new information regarding Indian astronomy. CWe- 
brooke^s* essay contains his views both on mathematical astronomy and astro- 
logy, as also his views on the astronomy of the Arabs. It was once believed 
by some that the Hindus borrowed astronomy from the Arabs but owing to 
the additional information that has since become available, there is not even 
a shadow of doubt today that it was the Arabs who first borrowed astronomy 
from the Hindus. It has already been mentioned before that the Tajik system 
was transmitted to our country by the Muslims. 

* Henry Thomas Colebrooke was born in 1765 A. D. He came to India in 1782. He 
became Chief Judge of the Civil Court, Calutta in 180L He spent & lakh of rupees in buying 
Sanskrit manuscripts. These are now entrustod to the India Office. His articles were pub- 
lished in the Asiatic Researches, Vol. 9, 1807, in Vol. 12, 1816, and with the translation of i 
Patiggrita and Bija Ganita in 1817. All of them were collected ?nd published in 1872 A. D* 
under the title Miscellaneous Essays by Colebrooke, Vol. II". The above extracts have- 
been taken from this book. The pages mentioned refer to the book published in 1872. 
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COLEBROOKE 

Colebrooke writes (1807 A D.) (p. 322) "I apprehend that it must have been 
the Arabs who adopted (with slight variations) a division* of the zodiac fami- 
liar to the Hindus." (p. 344) "The Hindus have likewise adopted the division 
of the ecliptic and zodiac into twelve signs, agreeing in figure and designation 
with those of the Greeks and differing merely in the fact that their initial point 
is carried on a few degrees further west than that of the Greeks. That the 
Hindus took the hint of this mode of dividing the ecliptic from the Greeks, is 
not perhaps altogether improbable ; but, if such be the origin of it they have 
not implicitly received the arrangement suggested to them, but have reconciled 
and adapted it to their own ancient distribution of the ecliptic into twenty- 
seven parts." "In like manner, they may have either received from the Greeks 
or given them the hint of an armillary sphere as an instrument for astrono- 
mical observation; but certainly they have not copied the instrument which 
was described by Ptolemy, for the construction differs considerably." "The 
Almagest** was first translated into Arabic in 827 A. D. by Alhazen Ben Yusef. 
Other versions are also mentioned but none of them are anterior to the ninth 
century." (p. 364) "The Hindus, li,ke the Egyptians and Babylonians, divide 
each sign into three parts (which are called Dreskanas)." (p. 527)- "The Dres- 
kana system is not implicitly the same among the Hindu astrologers, which 
it was among the Chaldeans, with whom that of the Egyptians and Persians 
coincided. Variations have been noticed," (p. 371). "This astrological 
notion was confessedly received from foreign nations.." "The doctrine seems 
to be ascribed by Firmicus to Nekepso, king of Egypt : and Psellus cites a 
Babylonian author whom he calls Teucer and who is also noticed by Porphyrius. 
The word 'Dreskana' is supposed to not be originally Sanskrit. For the same 
reason, it is likely, that the astrological doctrine itself may be exotic in India. 
The casting of nativities, though its practice is of more ancient date in India, 
may also have been received from Western astrologers : Egyptians, Chaldeans 
or even Greeks***. If so, it is likely that the Hindus may have received astrono- 
mical hints at the same time. By their own acknowledgment, they have culti- 
vated astronomy for the sake of astrology; and they may have done so with the 
aid of hints received from the same quarter from which their astrology is 
derived. The name of Yavandcdrya would not be alone decisive. It will be 
requisite to collect all the passages in which Yavandcdrya is cited by Sanskrit 
authors and to compare the doctrines ascribed to him with those of the Grecian 
writers on astronomy". (1816 A. D.) (p. 399). " The planet revolves with 
an equal but contrary motion in an epicycle, of which the centre is carried with 
like but direct motion on a concentric orbit. To account for the still greater 
apparent irregularities of the five minor planets, the Hindu astronomers make 
them revolve with direct motion on an epicycle borne on an eccentric de- 
ferent. (In the case of the two inferior planets, the revolution in theeccentnc 
is performed in the same time with the sun : consequently the planet's motion 
in its epicycle is in fact its proper revolution in its orbit. In the instance of 

* These ate the exact words of Colebrooke and it is clear from the context that they refer 
to the twenty-seven naksatra divisions of the zodiac In the Marathi translation ot tms 
sentence, however, the phrase 'twelvefold division' (dvadasadha vibhagaci padihati) seems to 
have crept in through oversight. The same passage has been referred to elwsewhere when 
it is correcty interpreted in its bearing on the naksatra divisions. 

** The Almagest is the same work as Mijasti msntione .1 before. 

*** Colebrooke reiterated the view in 1817, that the Hindus borrowed their astrology 
from the Greeks. 
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the superior planets, on the contrary, the epicycle corresponds in time to a 
revolution of the sun, and the eccentric deferent answers to the true revolution 
of the planet in its orbit). So far the Indian system agrees with the Ptolemaic 
At the first glance it will remind the reader of the hypothesis of an eccentric 
orbit devised by Hipparchus : and of that of an epicycle on a deferent, said 
to have been invented by Apollonius, but applied by Hipparchus. At the 
same time the omission of an equant (having double the eccentricity of the 
deferent) imagined by Ptolemy for the five minor planets, as well as the epicycle 
with a deferent of the centre of the eccentric, contrived by him to account for 
the evection of the moon; and the circle of anomaly of eccentricity, adapted 
to the inequality of Mercury's motions, cannot fail to attract notice. The 
Hindus give an oval form to the eccentric or equivalent epicycle, as well as 
to the planet's proper epicycle. Kryabhata (the First) and the Surya Sid- 
4hanta make both epicycles of all the planets oval, placing however the short 
axis of the proper epicycles of Jupiter and Saturn in the line of mean con- 
junction, termed by Hindu astronomers their 'quick apogee' (Sighrocca). 
Brahamagupta and Bhhskara, on the contrary, acknowledge only the epicycles 
of Mars and Venus to be oval and insist that the rest are circular." (p. 411) "If 
these circumstances (that is to say, the frequent recurrence of such names as 
Yavanacarya and Romaka Siddhffita in the compilations of Hindu astrono- 
mers), joined to a resemblance hardly to be supposed casual, which the Hindu 
astronomy, with its apparatus of eccentrics, and epicycles, bears in many res- 
pects to that of the Greeks, be thought to authorize a belief, that the Hindus 
received from the Greeks that knowledge which enabled them to correct and 
improve their own imperfect astronomy, I shall not be inclined to 

dissent from the opinion." In another article Colebrooke observes (p. 449); 

"Taking into consideration the analogy, though not identity, of the Ptolemaic 
system or rather that of Hipparchus, and the Indian one of eccentric deferents 
and epicycles, no doubt can be entertained that the Hindus received hints from 
the astronomical schools of the Greeks." 

WHITNEY 

Now a resume* of the views of Whitney and Burgess will be presented to you. 
First the result will be reproduced of the comparative view taken by Whitney 
in the chapter on true places in the English Translation of the Surya-Siddhanta> 
in respect of the problem of the true positions and motions of planets dealt 
with in Greek and Hindu astronomy. Whitney observes : 'It is evident in 
the first place that in all their grand features the two systems are essentially 
the same. Both analyze in the same manner with remarkable success the 
irregularities of the apparent motions of the planets into the two main ele- 
ments of which they are made up, and both adoptt he same method of represen- 
ting and calculating those irregularities. Both substitute likewise eccentric 
circles for the true eliptic orbits of the planets. Both agree in. assigning to 
Mercury and Venus the same mean orbit and motion as to the sun, and in 
giving them epicycles which in fact correspond to their heliocentric orbits, 
making the centre of those epicycles, however, not the true, but the mean 
place of the sun, and also applying to the latter the corrections due to the 
eccentricity of the orbit. Both transfer the centre of the orbits of the superior 
planets from the sun to the earth, and then assign to each, as an epicycle, the 

* Some of Whitney's arguments have been examined in the proper context. Some of 
those already examined will be again dealt with further. 
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earth's orbit ; not, however, in the form of an ellipse, but in that of a truer 
circle ; and here too both make the place of the centre of the epicycle to depend 

upon the mean instead of the true place of the sun Tne differences. 

between the two systems are much less fundamental and important. The 
moon's evection, the discovery of Pcolemy, is equally wanting in the Hindu 
astronomy. And another innovation introduced into Greek system by Pto- 
lemy is unknown to the Hindus. Ptolemy applies first the whole correction 
for the eccentricity of the orbit and then corrects the place thus obtained, for 
the parallax of the earth's position. The Hindus, on the other hand, apply 
both the corrections twice. The change of dimensions of the epicycles in thel 
odd and even quadrant is also a striking peculiarity of the Hindu system." 

In his final verdict Whitney writes : "The application of blja (empirical 
correction) to the elements of the Surya-Siddhanta is calculated at least to 
suggest the suspicion that Muslim science may have had something to do with 
it. That observation and the improvement of their system by deductions 
from observation were ever matters of such serious earnestness with the Hindus 
that they should have been led to make such amendments independently, is 
yet to be proved* The Hindu system is not one of nature ; it is a thorou- 
ghly artificial structure, full of arbitrary assumptions, of absurdities even 
Which have no foundation in nature, and could be invented by one as well as 
another. We need only to refer, as instances, to the framework of monstrous 
chronological periods to the common epoch of the commencement of the Iron 
Age, with its exact or nearly exact conjunction of all the planets- to the form of 
statement of the mean motions, yielding recurring conjunctions, at longer or 
shorter intervals-to the assumption of a starting-point for the planets at or near 
Zeta Piscium-to the revolutions of the apsides and nodes of the planets-to the 
double system.of epicycles-to the determination of planetary orbits etc., etc. 
These are plain indications that the Hindu science emanated from one centre ; 
that it was the elaboration of a period and of a school, if not of a single master, 
who had power enough to impose his idiosyneracy upon the science of a whole 
nation." "The question, then, of the comparative antiquity of single treatises* 
is lost in the higher interest of the inquiry-when, where and under what in- 
fluence originated the system which they all agree in representing? y e 

regard the Hindu science as an offshoot from the Greek, planted not tar 
from the commencement of the Christian era, and attaining its fully developed 
form in the course of the fifth and sixth centuries. The grounds of this opi- 
nion we will proceed briefly to state. There can be no question that, irom 
what we know in other respects of the character and tendencies of the Hindu 
mind, we should not at all look to find the Hindus in possession of an astro- 
nomical science containing so much of truth. They have been from the begin- 
ning distinguished by a remarkable inaptitude and disinclination to °b? e J7 e » 

to collect facts, to record, to make inductive investigations The Hindus 

have ever been weak in positive science ; metaphysics and grammar witn, 
perhaps algebra and arithmetic-being the only branches of knowledge in wnicn 

they have independently won honourable distinction The infrequency 

references to the stars in the early Sanskrit literature, the late date of the earliest 

* He means to say that the observations of Hindus had not reached that degree of ex- 
cellence. Though not quite convinced of the truth of this assertion Whitney suggests that the 
Hindus may have borrowed their bija correction from some Muslim work. This shows the 
attitude he has taken up. 

** This refers to the estimates about the d*»te of the Surya-Siddhanta. 
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mention of the planets, prove that there was no special impulse leading the 
nation to devote itself to the studying the movements of the heavenly bodies. 
All evidence goes to show that the Hindus, even after they had derived from 
abroad a systematic division of the ecliptic, limited their attention to the two 
chief luminaries, the sun and the moon, and contented themselves with es- 
tablishing a method of maintaining the concordance of the sclar year with the 
order of the lunar months. If, then, at a later pericd, we find them in posses- 
sion of a full astronomy of the solar system, our first impulse is to inquire, 
whence did they obtain it ?" "A closer inspection does not tend to inspire 
us with confidence in it as of Hindu origin. The whole system may be di- 
vided into two portions : one containing truth successfully deduced, the other 
composed of absurd imaginations drawn from Pauranic literature. The 
question presses itself, then, strangely upon us, whether these two portions 
can possibly have the same crigin : whether the scientific habit of mind which 
could lead to the discovery of the one is compatible with those traits which 
would permit its admixture with the other. But most especially, could a sys- 
tem founded— as this, if original, must have been-upon protracted observation 
of the heavenly bodies, so entirely ignore the ground— work upon which it 
rested, and refuse and deny all possibility of future improvement by like 
means, as does this Hindu system, in whose text-books appears no record of 
an observation, and no confessed deduction from observations ; in which 
the astronomer is remanded to his text-book as tbe sole and sufficient source 
of knowledge, nor even taught or counselled to study the heavens except for 
the purpose of determining his longitude, his latitude and the local time? 
Surely, we have a right to say that the system, in its form as laid before us, 
must come from another people or another generation tb?n that which laid its 
scientific foundation ; that it must be the woik of a race which either had 
never known, or had had time to forget, the observing habits and the induc- 
tive methods of those who gave it origin. But the hypothesis that an earlier 
generation in India itself performed the labours of which the later system- 
makers reaped the fruit, is well-nigh excluded by the absence, already referred 
to, of all evidence in the more ancient literature of deep astronomical investi- 
gation : the other alternative, of derivation from a foreign source, remains, if 
not the only possible, at least the only probable one." The absurdities to which 
Whitney alludes here consist of the Yuga system etc. But in rejecting the 
Yuga system which had struck a deep root by tradition among our people, 
one would only incur the stigma of anti-Vedic heresy as is evident fiom the 
strictures passed by Brahmagupta against Rcmaka. Our astronomers, of 
course, could not take that risk. Although this may be a serious lapse from 
the European point of view, it is not so from ours. On the contrary we would 
rather appreciate the ingenuity that they displayed in reconciling the Yuga 
system with the hard facts of their science. 

Whitney further observes : We come, then, next to consider the direct 
evidences of a Greek origin. The system of epicycles is essentially alike and 
the same in both systems. Now, notwithstanding the fact that such secondary 
circles do in fact represent, to a certain degree, true quantities m nature, there 
is yet too much that is strange and arbitrary in them to leave any probability 
to the suppositions that the two nations could have devised them independently. 
But there are sufficient grounds for believing the Greeks to have actually 
created their own system, bringing it by successive steps of elabroatioh to the 
form in which Ptolemy finally presents it. The Greeks tell us what they owed 
to the Egyptians, what to the Chaldeans : we trace the conceptions which 

1 DGO/69 26 
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were the source of their scheme of epicycles, the observations on which it 
was based, the inductive and deductive methods by which it was worked out 
and established. In the Hindu astronomy on the other hand, we find neither 
the conceptions, r.or the observations, nor the methods : the whole is gravely 
put forth as a complete and perfect fabric of divine origin and immemorial 
antiquity. On the agreement of the two sciences in point of numerical data 
we will not lay any stress, since it might well enough be supposed that t 
nations, if once set upon the same track toward the discovery of truth, wo WO 
arrive independently so near an accordance with nature and with u ^ 
another." 0ne 

The scheme of epicycles is not independent in each of the two systems 
It appears probable that the two systems were inter-related in this respect 
Whitney, however, does not clearly admit the obvious fact that since the 
numerical data of the two nations do not agree, it follows that their labours 
were being carried on independently ; nevertheless, his phrase, "two nations 
once set upon the same track towards the discovery of truth" amounts to a 
tacit ^admission that the researches of the Hindus were independent. Surely 
no one would say that' the researches continued for a day or two and then 
ended up with the production of some scientific work. The reason why we 
have no records of ancient observations has already been explained before 
on page 1. 

Whitney then continues : "The division of the circle, into signs, degrees 
minutes and seconds, is the same in both systems. Now the names of the 
first sub-divisions, the signs, are the same in Greece and in India. But with 
the Greeks they belong to certain fixed arcs of the ecliptic, being derived from 
the constellations occupying those arcs ; with the Hindus they are applied to 
successive arcs of 30°, counted from any point that may be chosen : this is an 
unambiguous indication that the latter have borrowed them, and forgotten 
or neglected their original significance." The author for one, considers it 
particularly important that we disregarded the original significance of the 
names Aries, Taurus etc. and applied the names to equal divisions, for these 
names have got no importance of their own. And even if it be true that they 
were borrowed from others, they were borrowed before Hipparchus, probably 
from the Chaldeans, as has been shown further on. Whitney then adds : 
"The Hindu term for 'minute' is no Sanskrit word but taken directly from 
Greek, being lipta. The regents of the days of the week also are not of Hindu 
origin. On tracing the institution of the week to its very foundation, we find 
there another Greek word, hora. Once more, in the cardinal operation of 
finding the true place of a planet, we see that one of the most important data, 
the mean anomaly, is called by another name of Greek origin, namely Kendra. 
These three words, occurring where they do, not upon the outskirts of the 
Hindu science, but in its very centre and citadel, amount of themselves almost 
to full proof of its Greek origin ; taken in connection with the other con- 
current evidences, they form an argument which can neither be set aside nor 
refuted. Moreover, the Hindu treatises and commentaries often refer to the 
t/avanas, "Greeks" or "Westerners," and to "Yavanacaryas," "the Greek 
(or Western) teachers" ; and floating traditions* are met with, to the effect that 
gome of the Siddhantas were revealed to their human promulgators in Romaka- 
city, that is to say, at Rome. Farther witness to the same truth, deducible 

♦ Tnis refers to p. 37 ver*e 7. 
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from other coincidences of the two systems, we pass unnoticed here". The 
question relating to the days of the w.jek has been considered before (p. 275). 
The hords and the days of the week have nothing to do with the knowledge 
of the true places and motions of planets, even though they did not originate 
with us. Kenira and lipta will b; dealt with later. In conclusion Whitney 
observes : "The question next arises, when and in what manner the know- 
ledge of astronomy was communicated from Greece to India. In reply to 
this, only probabilities offer themselves, yet in some points the indications are 
pretty distinct. It is, in our own view, altogether likely that the science came 
in connection with the lively commerce which, during the first centuries of 
our era, was carried on by ssa betwe-n Alexandria as the port and mart of 
Rome, and the western coast of India and that is why Ujjayin became the chief 
site of the Hindu science. Had the Hindus derived their knowledge overland, 
through the Syrian, Persian and Bjctrian kingdoms, the name of Rome would 
not have stood forth with such prominence and some city other than Ujjayin 
would have been the cradle of the new science. The absence from the Hindu 
system of any of the improvements introduced by Ptolemy into that of the 
Greeks and the fact that the numerical elements adopted by the Hindus vary 
considerably from those of the Syntaxis tend strongly to prove that the trans- 
mission of the principal ground work of the Hindu science took place before 
the time of Ptolemy. Whether the information was transmitted through 
the medium of Hindus who visited the Mediterranean, or of learned Greeks 
who made the voyage to India, or by the translation of Greek treatises, or by 
what other methods, we would not at present even offer a conjecture. What- 
ever may have been the date of the first communication of that information, 
there is good reason to suppose that its final reduction to its present form did 
not take place until some time during the fifth and sixth centuries when the 
initial point of the fixed sphere coincided with the equinox. It is evident that 
the elaboration of the system must have been a work of time, probably of 
many generations. Among the changes of method introduced the most 
useful and important was the substitution of sines for chords* ; the general 
substitution of an arithmetical for a geometrical form also deserves particular 
notice. That no great amount of geometrical science is implied in any part 
of the system is very evident ; the equality of the square of the hypotenuse 
to the sum of the squares of the base and perpendicular — the comparison ot 
similar right-angled triangles — the formation and combination of proportions, 
the rule of three — are the characteristic features of the early Hindu mathe- 
matical knowledge, as displayed in the Surya-Siddhanta. Of other treatises 
Which give evidence of knowledge more profound in arithmetic and algebra, 
we cannot at present speak." It is our good fortune, indeed, that a modicum 
of praise has fallen to our share from Whitney's pen at last. The writer can- 
not, however, help adducing here an instance of Whitney's biassed attitude. 
It consists in this that even though it has become clear at several places, as 
well as on Whitney's own showing, that the Hindus have borrowed nothing 
from Ptolemy's works, he characterizes as "not an altogether impossible 
supposition" the view expressed by Biot that the Hindus obtained their sines 
directly from the chords of Ptolemy or Hipparchus**. Another instance of 
"Whitney's line of reasoning has already been cited while discussing the question 
tf apsides and nodes, (p. 71). 

* Though not italicized— by Whitney, thete word* are printed in bold type in tne Maiathi 
original. 

** Translation of the Sihya SiJdhama t p. 214. 

26a 
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Burgess 

Let us now turn to the verdict of the Rev. E. Burgess. Burgess was living 
in India for a number of years and he had a fair knowledge 01 our manners and 
customs ; on the other hand, Whitney, living in America was utterly ignorant 
in this respect Evidently Burgess was more competent than Whitney to deliver 
udgment on this question. Burgess writes :-'T had prepared a somewhat 
extended and elaborate essay on the history of astronomy among the Hindus. 
But owing to the length of this essay it was not thought advisable to insert 
k here However, as my opinions on some points differ from those advanced 
bv Prof Whitney in his very valuable additions to the notes upon the transla- 
tion it seems necessary for me to present at least a brief summary of the results, 
at which I arrived in that essay in reference to the points in question Prof. 
Whitney seems to hold the opinion that the Hindus derived their astronomy 
and astrology almost physically from the Greeks-and what they did not 
borrow from the Greeks, they derived from other people as the , irabtans 
Chaldeans and Chinese, I think he does not give the Hindus the credit due to 
them and awards to the Greeks more credit than they are justly entitled to. 
I admn that the Greeks, at a later period, were the more successful cultivators 
oSormical science.' And yet, I must think the Hindus angina 1 ir i regard 
to most of the elementary facts and principles of astronomy and for the most 
parTalso in their cultivation of the science and that the Greeks borrowed from 
them these facts and principles. For the sake of clearness, . 1 should state 
mSe specifically a few of the more important facts and principles of this 
Tture ( ) The division of the Zodiac into twenty-seven or twenty-eight 
aTLs \l common, with slight modifications to the Hmd£ ^"* 
Chinese systems. (2) As for the division of the Zoaa, into tw. v. signs 
the namesof the signs are, in their import, precisely the f^^f^l 
and Greek systems. The theory of the division and the names Maep^tt 
having proceeded from one original source is unquestionably the wrr*, t0 ™' 
?37 The theory of epicycles adopted for finding the motions and true places 
^planets i; 'common to the Hin^u and Greek astronomies The coincidenc 
of the two systems in this respect is such as would preclude he d a* ^ de P ene 
dent origin or invention. (4) Coincidences and even a sum ^ty m some parts 
between the systems of astrology received among the Hindus , Gree« ano 
Arabians strongly indicate for those systems, m their primitive and essential 
element fcZln origin. (5) The names of the five planets known to the 
ancients, and the application of these names to the cays of the weeK. 
In regard to these specifications I remark in general :— 
"First in reference to no one of them do the claims of any people to me 
honour of having [been the original inventors or discoverers appear to be 
better founded than those of the Hindus." 

"Secondly in reference to most of them, the evidence of originality 'i 
n «J^^\y^our of the Hindus ; and in regard to some, and those the 
mZimvvtJ, this evidence appears to me nearly or quite conclusive. 

"A brief remark, for the sake of clearness, seems called for in reference 
to each of the above five specifications : 

m As regards the twenty-seven or twenty-eight asterisms, the^ undoumc 
antiiuty of tWs division, even in its elaborated form, among the Hindu 8 , 
?n cStkon with the absence or paucity* of such evidence among anyogg 



This point did not strike Whitney. 
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people incline me decidedly to the opinion that the division is of a purely 
Hindu origin. This is still my opinion, notwithstanding the views advanced 
by M. Biot and others in favour of another origin. (2) As regards the division 
of the Zodiac into twelve parts and the names of those parts, the use of this 
division, and the present names of the signs, can be proved to have existed in 
India at as early a period as in any other country and there is evidence less 
clear and satisfactory, it is true, yet of such a character as to create a high 
degree of probability, that this division was known to the Hindus centuries 
before any traces can be found in existence among any other people. As 
corroborative of this position, I may be allowed to adduce the opinions of 
Idcler and Lepsius as quoted by Humboldt* :"Idcler is inclined to believe 
that the Orientals had names, but not constellations, for the Dodeeatomeria 
and Lepsius regards it as a natural assumption that the Greeks should have 
added to their own the Chaldean constellations from which the twelve divisions 
were named." Whether Idcler meant by "Orientals" the Chaldeans, or some 
other eastern people, the application of the term to the Hindus exactly suits 
the supposition of the Indian origin of the division in question, since in Indian 
astronomy the names of the signs are merely names of the twelve parts of the 
ecliptic, and are never applied to constellations. Humboldt's opinion is, 
that the twelve divisions of the ecliptic with the names of the sigis, came to 
the Greeks from Chaldea. I think the evidence preponderates in favour of a 
more eastern, if not a Hindu, origin. (3) The theory of epicycles. The 
difference in the development of this theory in the Greek and Hindu systems 
precludes the idea that on^ of these people derived more than a hint respecting 
it from the other. But so far as this point alone is concerned, we have as 
much reason to suppose the Greeks to have been the borrowers as the con- 
trary ; but other considerations seem to favour the supposition that the Hindus 
were the original inventors of this theory. (4) As regards astrology, there is 
not much honour, in any estimation, connected with its invention and culture. 
The coincidences that exist between the Hindu and Greek systems are too 
remarkable to admit of the supposition of an independent origin for them. 
But the honour of original invention, such as it is, lies, I think, between the 
Hindus and the Chaldeans. The evidence of priority of invention and culture 
seems, on the whole, to be in favour of the former ; the existence of three or 
four Arabic and Greek terms in the Hindu system being accounted for on the 
supposition that they were introduced at a comparatively recent period. In 
reference to the so-called Greek words found in Hindu astronomical treatises, 
I would remark that we may refer them with propriety to that numerous class 
of words common to the Greek and Sanskrit languages which either came to 
both from a common source or passed from the Sanskrit to the Greek at a 
period of high antiquity ; for no one maintains that the Greek is the parent of 
the Sanskrit, to the extent indicated by this numerous class of words, and by 
the similarity of grammatical inflections in the two languages. (5) Herodotus 
-says : "The names of the gods came into Greece from Egypt". The names of 
the planets are names of gods, Herodotus's opinion indicates the belief of 
the Greeks in reference to the origin of these names. As to the application 
of the names of the planets to the days of the week, it is impossible to deter- 
mine definitely where it originated. Respecting this matter, Prof. H. H. Wilson 
■observes : "The origin of this arrangement is not very precisely ascertained 
as it was unknown to the Greeks, and not adopted by the Romans until a 

* Barges his cited the sources from whicn all thase quotations nave been taken ; bat there 
is no need to repeat them here. 
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late period. It is commonly ascribed to the Egyptians and Babylonians but 
upon no very sufficient authority, and the Hindus appear to have at least at 
good a title to the invention as any other people." 

"One word on the claims of the Arabians to the honour of original invention 
in astronomical science. And first, they themselves claim no such honour . 
That the Arabians were thoroughly imbued with a knowledge of the Hindu 
astronomy before they became acquainted with that of the Greeks is evident 
from their translation of Ptolemy's Syntaxis. It is known that this great 
work of the Greek astronomer first became known in Europe through the 
Arabic version In the Latin translation of this version, the ascending node 
is called -nodus capitis", i.e., "node of the head" and the descending node, 
nodus caudee "node of the tail"— which are pure Hindu appellations. This 
tact with other evidence, clearly shows the influence of Hindu astronomy on 
that of the Arabians. Taking all these facts into account, the supposition 
that these people were the inventors is altogether untenable. 

"As regards the resemblance between the Greek and Hindu methods of 
calculating the true places of planets, I think that only hints could have passed 
S^Sp^toS) the other, and that at an early period ; for on the supposi ; 
tiori that the Hindus borrowed from the Greeks at a later period, we find it 
difficult to see precisely what it was that they borrowed ; since in no case do 
numerical data and results inthe systems of the two peoples exactly correspond, 
And in regard to the more important of such data and results-as for instance, 
the amount of the annual precession of the equinoxes, the relative size of he 
sun and the moon as compared with the earth, the greatest equation of the 
centre for the sun— the Hindus are more nearly correct than the GreeKs ana 
in regard to the times of the revolutions of the planets they are ver? ^nearly »s 
correct. There has evidently been very little astronomical borrowing between 
the Hindus and the Greeks. And in relation to points .that prove a — 
cation from one people to the other, 1 am inclined to think that the cour e ot 
derivation was the opposite to that supposed by Coletoook^omwtv* 
west rather than from west to east ; and 1 would express my opinion m ^on 
to astronomy, in the language which this eminent scholar f n e o s J fl n / e ^ l c c f a g 
some coincidences in speculative philcscphy and religious d°gMJ. «pw«ny 
the doctrine of metempsychosis, found in the Greek ano Hindu ^J^ *™J 
indicate a communication frcm one people to the other * ^fj?^ 
lposed to conclude that the Indians wtie, in this instance, teachers rather in*n 



e> arners.*' 



Thibaut 



The author now presents the views of Dr. Thibaut. In his Introduction 
to the Pancasiddhantika (page 53) he observes :— 

"Taken together the five Sic'dhantss appear to enable us to for m a fig** 

accurate notion of the transition of old ^Ti S T^ y ^heSi^^ 
scientific form. The Paitcmaha Siddhnaw, in the first place, is the «P{» ^ 
live of the prescientific stage of astronomical knowledge, ine v . 
Siddhanta, while apparently more advanced than the P a %^-^%c, 
yet seems to have been decidedly inferior to the sastnc S^^^od 
therefore, shall most probably not be mistaken in assigning it Ac me _P 
marking the transition from the old purely indegenous systems to those * ee 
which were constructed altogether on the basis of Greek Science, n 
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remaining Siddhantas fall under one category, all of them, however much 
they differ in details, representing the modern phase of H ndu astronomy 
which is completely under the influence of Greek teaching The general 
features of that phase are too well known to require restating in this nlace 
We may I think, discern certain features in which the Romaka and PauU "a 
Siddhantas agree while at the same time differing from the Surya SiddMna 
In the Surya Siddhanta only modern Hindu astronomy has fully assumedThai 

ype which it has since preserved .... That the similarities observed between 
the Greek and Hindu systems are due to a transfer of the elements of the former 
to India will at present be hardly called into doubt ; and it certainly appears 
highly probable that the Paulisa and Romaka Siddhantas were the eaVliest 
l^ a 7° X t ln , wh ! ch the * ew knowledge imported from the west was 
embodied, ft certainly is no fortuitous coincidence that one of these two 
siddhantas whose names point to the west (the Romaka) used the tropical solar 
IT a ?,K ° p K^ ltS aha ?S ana for the meridian of Yavanapura ; and that the 
other (the Pauh§a) expressly stated the difference in longitude of Yavanapura 
and Ujjayim . While thus the general question as to the sources of scientific 
Hindu astronomy admits of one answer only, doubts begin to suggest themselves 
as soon as we proceed to ask from what particular Greek works the early 
biadhanta writers may have borrowed and to what time the first transmittance 
of astronomical knowledge has to be assigned. Prof. Whitney has expressed 
the opinion that the absence from the Hindu system of any of the improvements 
introduced into Greek astronomy by Ptolemy seems to favour the conclusion 

i ™e original transmission of astronomical knowledge into India took 
place before Ptolemy, which would account for many differences in detail 
between the Hindu system and the teaching of the Syntaxis. Now with this 
view we certainly may agree so far as to consider it altogether improbable 
that the Hindu system should have based directly on Ptolemy's work. Assum- 
ing the Hindus to have been acquainted with Ptolemy's work, how shall we 
explain the numerous discrepancies in essential items of doctrine such as, for 
instance, the different dimensions assigned to the epicycles of the planets by 
the Hindus and Ptolemy ? But nevertheless it would be hazardous to con- 
clude therefrom that the beginnings of scientific Hindu astronomy go back 
to a time earlier than that of Ptolemy. The whole question indeed is rendered 
incapable of decisive treatment by the fact that our knowledge of Greek astro- 
nomy anterior to Ptolemy is so very imperfect. 

A few points, however, which bear upon it may be briefly referred to. 
As is well known, the theories of the sun and moon were already settled in all 
important points by Hipparchus and merely borrowed from him by Ptolemy. 
It would therefore, not be impossible that any scientific Hindu work, confining 
itself to an exposition of the motion of the Sun and Moon and of rules for the 
approximate calculation of their eclipses, should have originated in the period 
intervening between Hipparchus and Ptolemy. Hipparchus again had already 
given determinations of the mean periods of revolution of the five planets 

The Pancasiddhantika edited by Thibaut gives the reading Yavcnantaraja in place of 
yavatmccaraja occunng in tne couplet quoted on page 15 and the comext shows 
it to be correct. In tne lignt of tiiis reading the verse would mean tnat tne Longitudinal 
distance of Avanti (Ujjayini) from Yavanapura is ghatis 7-20 and tnat of Varanasi is 9 
ghatis. Yavanapura appears to be Alexandria. According to accurate modern measurw, 
tne longitudinal distance of Ujjayini from Alexandria is 7g 38P and that of Varar.asi i* 
8g-51p, whicn means that the figure given in tne Pancasiddhantika for Ujjayini is 2° fhort and 
that for Varanasi is 1° in excess. 
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which Ptolemy found as msans to correct in soms very unimportant details 
only. On the other hand, it had indesd not escaped Hipparchus that the true 
motions of the planets can be satisfactorily explained, only if we recognise 
two distinct inequalities ; but he had not undertaken to separate those in- 
equalities in each case and so to esta blish a workable theory of the planets. 
The latter achievement Ptolemy distinctly claims for himself, and we there- 
fore must conclude that any Hindu work such as, for instance, the Sarya 
Siddhdnta in which the anomaly* of the apsis and the anomaly* of the conjunc- 
tion are clearly distinguished are later than Ptolemy from whom along, directly 
or indirectly, they could have derived their theory. The Pancasiddhdntikd 
says nothing about any planetary rules being given in the Romaka Siddhdnta, 
and that treatise in its original form, might, therefore, possibly have been one 
confining itself to a system of luni-solar astronomy. But none of these con- 
siderations compel us to date the Romaka Siddhunta earlier than Ptolemy. 

"The Vdsistha and Paulisa Siddhdntas treated of the planets also, as we 
learn from the last chapter of the Pancasiddhdntikd. The earlier set of rules 
given there apparently distinguishes the two planetary inequalities ; but as 
we understand the text orrly very partially, I cannot undertake to discuss the 
connection of those rules with the Greek science. As far the rules given in 
the last part of that chapter, they apparently take into account only the anomaly 
due to the planet's distance from the sun while the anomaly due to the apsis 
is neglected, and it might perhaps be conjectured that they represent a stage 
of the theory of planets more primitive than that of Ptolemy. The mean 
motions attributed to planets in that chapter differ from those determined by 
Hipparchus and Ptolemy. But these facts do not, after all, supply valid reason, 
for supposing any knowledge of astronomical matters to have reached India 
from Alexandria before the time of Ptolemy. That certain details in the 
Indian system appear more primitive than Ptolemy's teaching, may simply 
be due to the fact that the Indian astronomers, with their strictly practical 
tendency, did not aim at any great accuracy and neglected what in their view 
would not affect the result of their calculation to an appreciable degree. And 
there is yet another very important consideration which may account for the 
divergencies from Ptolemy on the part of Indian works of a date later than 
his ; and it is, as Biot has suggested, that the astronomical knowledge of the 
Hindus was not derived from any of the great scientific works of Alexandrian 
astronomers, but rather from the manuals used by Greek astrologers (as Biot 
suggests) and, as we may add, almanac makers. The astronomical views 
of these men may be presumed to have been rather imperfect and to have 
diverg ;d in more than one point from the theories of the great scientific astro- 
nomers, and it will not be improper to suppose that they might have preserved 
elements of older, long antiquated doctrines. The Paulisa Siddhdnta does 
not contain theory, but simple practical rules of calculation. If it be 
supposed that their manuals also contained similar rules, the assumption 
would, I believe, help to render the whole process of transmission more intelli- 
gible. If we suppose that only a very imperfect knowledge of Greek ascronomy 
was transmitted to India, and that Hindu Jyotisas endeavoured to erect on 
that basis a complete system of their own, we can understand how there came 
into existence works of the types of the Surya Siddhdnta which, although 

* Dr. Taibaut s-ienr, to have coined these terms for m'Midaphala & sighraphala 
respectively, the more familiar terms being 'equation of centre, and 'annual paranax 
(R.V.Y.). 
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evincing a fundamental dependence on Greek astronomy, yet show unmistak- 
able traces of originality in numerous details, remaining indeed in by far the 
greatest number of cases inferior to their original, yet hitting here and there 
on new devices and methods of undeniable merit and ingenuity.The perfect 
Hindu system would in that case have to b; characterized not either as a mere 
loan from the Greeks, nor as a mere adoption in the ordinary sense of the 
word, but rather as a combination and further development. And the merit 
of originality as far as it goes, would belong to the unknown author of the 
old Surya Siddhdnta." 

VERDICTS REVIEWED 

Let us now proceed to examine these verdicts. Such an examination will 
enable us to decide the extent to which foreign astronomy exerted its influence 
over Hindu astronomy. Incidentally, the author will also speak of certain 
matters which properly belong to the conclusion of this work, such as the various 
stages in the growth of oar astronomy and his considered opinions regarding 
-some of the important or controversial questions. 

Considering first the mathematical branch, ail measures which can be 
established by means of observations, such as mean motions and positions 
of planets, and the elements necessary for the calculation of their true motions 
and positions, that is , their equation of centre and annual parallax etc. have 
originated with our ancient astronomers. If the Greek astronomy influenced 
our astronomy at all, the influence was confined to the probability that we 
oerived from a foreign source, the principle that a planet's place varies with 
its Kaiara (anomaly or commutation), wiiich is its angular distance from its 
aphelion or apex. This principle became known to us tong before Ptolemy's 
time and thereafter our astronomy developed quite independently. Some 
-other things of minor importance might have been also imported from foreign 
nations. As regards astrology, it has been definitely concluded that this 
branch oi Joytisa is indigenous to our country. Now the grounds ibr these 
conclusions will be stated : — 

MATHEMATICAL BRANCH 

Let us first consider the ganita-skandha. It will be first proved that the 
Siddhdntas contained in the Pahcasiddhantikd belong to pre-Ptolemaic period 
so that other important questions will be automatically solved. It has been 
shown before (Page 12) that these live Siddantas are older than Ptolemy's 
time. 1 hibaut, however, holds that they belong to a later period and hence 
this point shall be considered somewhat in detail here. 

Thibaut says that the corrections known as equation of centre and annual 
parallax whicn are applicable to the five planets and which are found in the 
Vdsistha, Paulisa and Saura Siddhdntas must have been derived fiomFtolemy's 
works ana that, therefore, the Siddhantas must be more modern than Ptolemy's 
as if no one else m the world could draw the same conclusions as Ptolemy 
even if he had the same material accessible to him as Ptolemy. The Romaka 
biddhania does not give any calculation of the places of five planets and it 
resembles the work of Hipparchus. Even then there is no reason, says Thibaut 
wh\ it should be regarded as more ancient than Ptolemy's time. As a matter 
oVJl C - Uier ? 1S no evldence for assigning a post-Ptolemaic date to the four 
iiddhantas beyond the ipse dixit of Thibaut. Let us now consider the other 
side 01 the queUnn. 
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OTHER SIDDHANTAS OLDER THAN ROMA KA 

It will be first shown that the four Siddhantas are older than the Romaka- 
There can be no two opinions as regards Paitamaha Siddhanta being older 
than the Romaka. As for the remaining three Siddhantas (Page 12) men- 
tion about two grounds has already been made to show that they are older 
than the Romaka. Moreover the treatment of certain points in the Vdsisfha 
Siddhanta, as given in the Pancasiddhantikd is* so very primitive as compared 
with that in the Romaka Siddhanta that it can easily be seen that the Vasistha 
is older than the Romaka, This will be admitted even by Thibaut, as it appears 
from his remarks in the forgoing extract. Let us now consider the case of the 
Paulisa and the Saura. The Pancasiddhantikd does not mention ths year- 
measure assumed by the Vasitf ha ; if it does, neither Dr. Thibaut nor the author 
could detect it. Even if it be there, the method given by the Siddhanta for 
finding the sun's place shows it to be sayana, being nearly 365* — 14 g — 32 p .The 
methods of the Vdsi?tha Siddhanta indicate such an infantile state of know- 
ledge that it could not have been regarded as worth copying by the later Sidd- 
hantas. The length of the year mentioned by other Siddhantas is about 
365° 14 g 31 p . The only Siddhantas other than Romaka, which give the 
year-measure are the Paulina and the Saura. If neither of these had been in 
existence before Romaka, the Romaka year-length would have been adopted 
by all the Siddhantas. The very fact that it has not been adopted shows that 
at least the Paulisa and Saura or at least one of them must have been compiled 
earlier than the Romaka. Between the Paulisa and Saura, the Paulisa is more 
primitive than the Saura, which means that at least the Paulisa must have been 
older than the Romaka. In short, the Paitamaha, Vasistha and Paulisa Sidd- 
hantas are older than the Romaka. Thibaut holds that since the Vasistha 
and Paulisa Siddhanta mention the two corrections, the equation of centre 
and the annual parallax, they must have been followers of Ptolemy and, there- 
fore, of a later date. But as a matter of fact the Siddhantas do not at all give 
any corrections for the equation of centre and the annual parallax. The 
last chapter in the Pancasiddhantikd explains the method of calculating the 
mean and true places of planets. The author would give here a specimen of 
the calculation of a planet* s place according to it, which will show the truth 
of his statement. Here is the calculation of the position of Venus**. "Subt- 
ract 147 from the aharga^a and divide the remainder by 584. The number 
of rises of Venus is equal to the quotient. The (mean) motion of Venus during 
this period is equal to 5 degrees of the sign of Scorpio (i.e. 7 signs +5°) and 
20 minutes ; and Venus, after moving through a distance equal to the degrees 
of kdldmsa (necessary for rise) in 26 days, rises in the west. The 11th part 
of the number of rises should be added to the ahargana, and the movement 
of Venus should be calculated on that basis, as follows :— During the three 
aharganas of 60 days each, it moves through 74, 73, and 72 degrees ; then 
77° during the next 85 days and 1£ degree in the next 3 days. Then after 
becoming retrograde, it moves through only 2° in 15 days. Then it sets m 
the west after 5 days. After 10 days more it rises in the east. After 20 days 
more it becomes direct. On each of these three occasions it moves through 4 . 
Then after moving through 250° in 232 days it sets in the east ; and later on,, 
after moving through 75° in 60 days it again rises in the west/* This descrip- 
tion contains no reference, explicit or implicit, to the equation of centre and 
(he annual parallax. 

* Some of them have been given before (on page 6), For the remain : ng, Dr. ThibaUt's 

Pancasiddhantika may be consulted, 

* See Thibaut's Pancasiddhantika Chapter 18, Verses 1 to 5. 
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The last chapter of the Pancasiddhantika contains an exposition of crude 
rules of the movements of Venus which were determined after observing them 
in the sky several times. The Samhita works consider the movements of 
planets. It is easily seen from this and from works like the Mahdbharata 
that it was the tendency of our people to take first-hand experiences in this- 
direction. Another proof that can be cited in support of this is the fact that 
the system of beginning the year from the day of Jupiter's heliacal rising was 
in vogue for several years (page 266). It was based on naksatras. Hence* 
if any mathematical knowledge was borrowed from the Greeks at all, this- 
system must have belonged to an earlier period. The Jovian system was not 
based on calculation but on observation of the actual position of Jupiter m 
the sky ; and hence it must have required the experience of observing Jupiter s- 
true positions for centuries. A complete study of the system, therefore, 
naturally leads one to conclude that rules about the true and mean motions 
of planets, like those described above might have been formulated from actual 
experience, or rather necessity might have compelled such formulation. 
Further it has come to the author's notice that the process of calculation cited 
above from the last chapter of the Pancasiddhantika, does not agree with his 
actual calculation of ahargana made from the Surya Siddhdnta in that work. 
Besides, the Pancasiddhantika describes the method of finding true positions 
of planets as given by the Surya Siddhdnta. It, therefore, follows that the 
calculations described in the last chapter do not belong to the Surya Siddnanta 
nor have the processes been determined from the knowledge of the equations 
of centre and the annual parallax, but simply from the records of observations. 
In short, the Paitamaha, Vasistha, and Paulisa at any rate are more ancient 
than the Romaka. 

ROMAKA OLDER THAN PTOLEMY 

The Romaka Siddhdnta has been compiled on the basis of the works of 
Hipparchus. This point has already been discussed. Hipparchus and rto- 
lemy are very intimately connected. Hence, if Ptolemy's work at all existed, 
when the Romaka Siddhdnta was transmitted to India, there was nothing to 
prevent the former from coming here. The very fact, therefore, that it oia 
not come to India proves that the Romaka was older than Ptolemy. Ittouows- 
then that the Paitamaha, Vasistha, Paulisa and Romaka are older than Ptolemy.. 

QUINTET OLDER THAN PTOLEMY 

There are additional proofs to show that these four and the Saura were 
all older than Ptolemy. They are :— The length of the year as adopted by 
Hipparchus and Ptolemy is the same and it has been already shown (pages li, w> 
that we have adopted it from neither of them nor from any one else. Similarly 
none of the following features are common to Ptolemy and our Siddnanta 
Quintet. Mean motions of planets (Page 66), apsides and nodes (page W— / *) , 
radii vectors (page 198), inclination of orbits (page 203), precession oi tne 
equinox (page 214) ; maximum values of the equation of centre for the lumi- 
naries and planets ; the maximum values of the annual parallax of planets 
(page 242— 7) ; obliquity of the ecliptic (page 249) ; parallaxes of the sun ana 
moon (page 329) ; and the kalamsas of heliacal rise and set (page 331--4). it 
has been proved in the course of our study of each of these subjects that none 
of them has been borrowed from Ptolemy. Even though there is no agree- 
ment between the two sets of measures, Thibaut maintains that our works,. 
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and especially the equation of centre aid annuil parallax, are based 01 Pto- 
lemy's works, and he attributes the variations in figures to the disregard for 
precision on the part of Hindus. But one who is familiar with our Karana 
works will never agree to this view. Oar works have given 75° or 78° or 80° 
as the sun's apogee, while Ptolemy has given the value as 65J° which may 
be the same as the figure given by Hipparchus (see pages 69 — 72), One may 
conceivably change the figure 65|° to 65° or 66° ; but how can a difference 
of 9° or 10° occur at all ? Those who understand mathematical astronomy 
will have to admit from this that the explanation put forward by Thibaut is 
not even plausible. It has been shown while discussing the interrelation of 
different works in the Adhikdra on Mean Motions, under the Mathematical 
Branch, how our people were keen on exactitude when they h^d to borrow 
figures from other works. The Pan casiaddhantikd, Br ahmzgupta,^ Khandu- 
khadya and Bhaskara's Karanakutuhala may be cited as the more conspicuous 
among the instances in point. Oar writers were careful to see that not even 
an error of a second should creep in. The special types of calculations relating 
to the sun, moon and the five planets given by Ptolemy are not found in our 
treatises. Ptolemy's works give Jyas (chords) while ours mention the Jydrdhas 
(half chords). This difference is vefy important. Even Whitney, a staunch 
advocate of Greek astronomy, as he is, admits that Ptolemy had nothing to 
do with the Surya Siddhanta. In short, all the Siddhdntas embodied in the 
Pancasiddhdntikd are older than Ptolemy. The Romika Siddhanta was 
imported into India about the beginning of the Christian era some time between 
150 B.C. and 150 A.D. The other Siddhdntas are even older than that. They 
must have been compiled at least two or three centuries before Saka era, and^ 
the materials on which they were based must have been in the process of 
formation several centuries before. It has been pointed out before that the 
order of these Siddhdntas appears to be Paitdnuha, Vdsistha, Paulisa, Saura 
and Romaka (page 25). As the Vdhistha Siddhanta mentions Mesa and 
other signs, it does not possibly belong to a period earlier than 500 B.S ; it 
may have been compiled about this date. Even if it be supposed to belong to 
a much later period, it must have been compiled at least 50 years before 
Ptolemy, that is to say, earlier than the beginning of Saka era. Even if it be 
argued that the Romaka Siddhanta was imported into this country shortly 
before Ptolemy, the Paulisa and VdUstha Siddhdntas must have already been 
compiled at least 50 years before the arrival of the Romaka. The Paulisa 
Siddhanta definitely existed before the Romaka of Hipparchus was imported. 
It may have been compiled some time between 500 B.S. and the beginning of 
Saka era. 

Alteram* states that the Paulisa Siddhanta owes its name to Paulus of 
Alexandria, and on this basis, some people believe that the Siddhanta was 
transmitted by the Greeks ; but at the very place where Alberuni makes the 
statement, he remarks "The Surya- Siddhanta was compiled by Lata ; Vdsis- 
tha Siddhanta by Visnuchandra, Romaka by Srisena and Brahmasiddhanta 
by Brahmagupta." It is beyond dispute that the Vasistha, Romaka and 
Brahma, belonging to the Pancasiddhdntikd were not compiled by Visrtu- 
candra, Srisena and Brahmagupta respectively (page 4 and 8). Evidently the 
three Siddhantas alluded to by Alberuni, are not the same as those of the 
Pancasiddhdntikd, and hence the Paulisa also which is referred to here is not 

INDIA Vol. I, p. 153. 
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the one of the Pahcasiddhantika group*. Wherever, Alberuni has quoted 
elements apparently from PauliSa, they are found to agree with those of the 
PuliSa cited by Utpala and not with the Pulisa of the Paricasiddhdntikd. Another 
very important proof has been provided by a sentence of Brahmagupta quoted 
before (page 7) which indicates that Pulisa and Yavana were quite ciiferent 
persons. It is not that the name Pulisa does not occur anywhere in Sanskrit 
literature. Obviously, then, Pulisa of the Paricasiddhdntikd has nothing to 
do with the Greeks. The Paulisa Siddhxnta cited by Utpala did not exist in 
Varaha's time. It must have been compiled by the Yavana referred to by; 
Brahmagupta ; and hence it must have been compiled some time between 
gaka 427 and 550. 

MESA AND OTHER TERMS 

Let us now consider for a while the names and divisions known as Mesa- 
etc. No convincing proofs are available to show that Mesa and other terms, 
do not belong to us. Greek terms like Kriya, Taburi, etc. appear in Varaha's 
Brhajataka. But how could priority be definitely assigned as between this 
set of names and the other set, Mesa, Vrsabha etc. ? 

Mesa and other names might be the translation of kriya, tahuri etc. or it might- 
be vice versa** The idea of naming clusters of stars from their shapes was* 
familiar to us. The names Mrgasirsa, Hasta, Sravana owe their origin to the 
imaginary shapes of the clusters concerned. The Naksatriya Prajapati men- 
tioned in Taittirlya Samhita has already been referred to. If it be argued that 
the regions of Hasta and Sravana are very small areas, the clusters of stars 
known as Mfga-naksatra, inclusive of the antelope's head and the hunter, 
and the naksatriya Prajapati are spread over a region comprising more than 
one rasu The name Brahmarsi occurs in the Mahdbhdrata and the Pardsara 
Samhita and it is actually termed rasi. How then could it be said for certain, 
that our people did not conceive the idea of naming the signs as Mesa, Vrsabha 
etc. ? Varaha has enumerated the symbols of rasis thus ; " Two fishes a small 
jar, a human couple with a mace and a lute " and so on. Utpala has added 
parallel quotations in support of these descriptions from Yavanesvara and 
Satya only and not from any Rsis. Myths about Mesa and other signs abound 
in Western literature but they are not to be found in our own mythology, 
and the terms have been used in our Literature simply in the sense of the twelfth 
part of the ecliptic. This leaves room for the suspicion that Mesa and other 
names may not be originally ours. But nothing can be positively said on this 
point. It should, however, be remembered that the system of the days of the 
week and terms like Mesa have by themselves, no significance whatsoever* 
The essence of astronomy lies in the theory and calculation of the true motions* 
and positions of planets. It was by no means an epoch-making change that 
we substituted the days of the week for the former practice of counting seven 
days or tithis, as first, second and so on, or adopted terms like Mesa, Vrsabha 
etc. in place of our original terms " sadasiti " etc. to denote the twelve divisions 
of the ecliptic. It has already been shown in the study of Veddnga Jyoti$& r 
Pdraskara Sutra (pt. 1 p. 100) and Mahabhdrata, that we originally had the 
twelve parts of the ecliptic. It has also been pointed out in the study of the 

* Tnis also confirms the author's former statement (p. 25 — 26) that the Surya Siddhanta of 
the Pancasiddhantika group Was not compiled by Lata. 

**The conn-ct r on which the Yavanas have with our system of "astrology dees K& 
extend as far back as the or'g : n of astrology. 
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v A***,* Jvotisa that the system of dividing the circle into 360 degrees and 
V h SSree in o 60 parts called minutes, must have been originally ours. _ It 
€a ±s ^howeve that P the system of indicating planets' places in terms of rasts 
X haveTeei! induced after the Mesa and other divisions cam, into vogue, 
qnnoosine we did borrow from the Greeks the solution of the problems re- 
S P the truTolaces of planets, the absence of the problem m the Vasistha- 
^&/a shows tteTthe Siddhanta belongs to an earlier period ; and since 
^^t?nns Mesa and other divisions, it follows that though Mesa and other 
it ment ^ n v \^f b een imported into our astronomy from the Chaldeans or the 
S^ y ^ ^n^^mpanicd by the solution of the problem of true 
S twuld be shown later on that in all probability we obtained the 
Einwledee of the problem thereafter by our own maependent efforts. In 
vSroffhese facts ft cannot be presumed that it reflects any discredit on us 
Iftve derived Mesa and other names and their corresponomg division f om the 
OaldeaTs or theEgyptians. It has already been explained before (pt. lp. 139, 
that the terms were imported about 500 B. C. 

What We Borrowed from Greeks. 

That the charge that we have no traditional record of observed results, 
no 2ude for obfe vation, nor even the habit of observation, is false has been 
deariv toSSSSd at se'veral places before, but especially in the ; beginning 
% Urt ti (Vwz n in our study of the inclination of orbits (p. 203—5) 
fj M the Chapter on " Observations" (p. 221, 234). The oldest extant 
^of^bsSSS is that of an eclipse observed by the Chaldeans « i 7* ^ 
and that of the Greeks about the winter* solstice °^^X M ?™^Vr 
BC But we had already been observing the solstices as far back as 1400 B C 
f£a The Conclu ion of Part I already refers to the question regarding he 
Sons and positions of planets, where it is shown totwpnfr*^ 
tendency towards observing planets. Again, the specimen of the rules regard 
Infplanet^rue positions £ given by Vasistha and f^^^^^ 
would compel one to admit that our people used to observe P lanet ^ m ^^ 
iheir record and then deduce rules on that basis. In short, there is no senw 
in tfc J contention that the Hindus would not be able by themselves to find 
out facts inferable from observation. 

Let us now see if we have derived anything from foreigners with respect to 
mathematical astronomy. The year !°^ w ^ t ™^£j^ 
aphelia and nodes, radii vectors, inclination of orbits, P r ^°* <* ^yXSSJ' 
maximum values of the equation of centre for the sun moon and the : planets, 
and the annual parallaxes of the five planets, parallax of the sun and the moon, 
*kaldmsas " for the heliacal rising and setting of Plan^s-none of^hese 
was borrowed from Ptolemy. Hipparchus knew oidy Ae mrthod j°*™»* 
the true places of the sun and moon but not those of *e planets. A ccordmg 
to Grant** it was not given in any of the Western works compiled belore 
Kolemy. Whitney and Colebrooke are inclined to the vie* that the idea of 
epicycles may have emanated from Hipparchus The fact that. »PPJ"*£ 
has not compiled any work on the true places of P^^^yS^ations 
possibility of assuming that we borrowed the maximum values of the equations 

♦According to Grant it was the Summer solstice that Meton observed. 
«See Grant's History of Physical Astronomy. Ch XVIH and also Tmbaut s tiew. 
on page 392 before. 
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of centre and annual parallaxes for the five planets from the works of Hippar- 
chus. The measure of the year is the same with Hipparchus and Ptolemy 
Even in the opinion of Whitney, Ptolemy adopted the figure for the obliquity 
of the ecliptic from Hipparchus. It has already been shown that Ptolemy 
may have adopted from Hipparchus the apogee of the sun and the maximum 
-value of its equation of centre, and neither of these values appears in our 
works. Similarly, the maximum values of the solar and lunar parallax are 
not the same with Hipparchus and our works (See page 329). Colebrooke* 
observes that the Greeks could never secure the accurate measure of the lunar 
month as was done by the Hindus. It has also been shown in the chapter on 
observations that we owe nothing to Hipparchus and Ptolemy in respect of 
instruments of observation. It is therefore beyond dispute that excepting 
the ideas of epicyclic** system, we have borrowed nothing from whatever 
is extant as the production of Hipparchus and Ptolemy. Additional important 
evidences regarding this are as follows :— Both Hipparchus and Ptolemy knew 
that the ayana point is shifting, and they had determined 36 seconds as its 
-annual motion. But our earlier works do not show any trace of this idea 
at all. We discovered it later quite independently and fixed the annual motion 
-as about 60 seconds. It matters little what the date of the origin of our astro- 
nomy is ; but if the works of Hipparchus and Ptolemy were at all known to us 
before our science was evolved, how could the precession of the equinox and 
its motion fail to find a place in our earlier works ? Secondly, Ptolemy*** 
never knew that the apsides have any motion. Our works, on the other hand 
have assumed a motion for them, and that it is so has been proved in the 
present times. Thirdly, geometry occupied an important place in Greek 
astronomy but not in ours (See Whitney's remarks). It is evident, therefore 
that if we have borrowed anything at all from the works of Hipparchus and 
Ptolemy, it is nothing more than the notion of epicycles. 

If we borrowed anything at all from the Greeks, it must have been done 
before Ptolemy and Hipparchus. But what was there which the Greeks could 
claim as their own before the dates of Hipparchus and Ptolemy ? The cardinal 
function of astronomy is the calculation of the positions of the sun, moon 
and five planets. All European scholars admit that the Westerners had no 
knowledge of these subjects before Hipparchus. But the method of finding 
true places of the sun and moon by the use of the correction for the equation 
#f centre is given in the Pulisasiddhanta which was compiled before the Romaka 
of Hipparchus was imported into this country. This means that the method 
was already established before the time of Hipparchus. What then did we 
borrow from the Greeks ? 

" The Mlecchas are Greeks. This science is very well mastered by them " 
This verse leads some to believe that we borrowed astronomy from the Yavanas 
or Greeks ; but it has been shown later on in the study of astrology that this 
verse chiefly refers to astrology. Brahmagupta's statement shows that the 
Greeks had some work on mathematical astronomy, but as already shown 
** fore > lt was the Pulis* Siddhanta referred to by Utpala and it was compiled 
after Varaha, some time betw een Saka 427 and 550. But our astronomy 

♦Algebra, Intro P. XXU. 
•♦The system of epicycle will be considered later on. 
* **See footnote on p. 240. 
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had already been fully developed in the original Surya-Siddhdnta that is, before. 
Varaha's time. The Paficasiddhmtika, however, mentions at one place, the 
longitudinal distance of UjjayinI from Yavanapura. A verse occurs in the 
Surya-Siddhanta (Page 37) which purports to say that the Sur-gca had 
assured Maya that he would impart astronomical knowledge to him m the 
form of a Greek in Romaka City. Similarly Sakalya's Brahma- Siddhanta, 
contains this verse : 

" In Salmala, which is situated 30° to the east of Lanka the Sun-god spoke, 
as follows in reply to the first question asked by Maya." This line* occurrs 
in Sakalya's Brahma- Siddhanta. No European is so far known ever to have 
come across this line. It must, however, be considered when the matter 
comes up for impartial study. It shows that a dialogue took place between 
Maya and Sun-god at a place (on the equator) which was situated on the 12th 
division of the earth's perimeter, that is, 30 degrees to the east of Ujjayim •„ 
but there is no place (on the equator) 30 degrees east of Ujjaymi, where astro- 
nomical knowledge could have been imparted to the Hindus. Hence this 
statement is not reliable ; still it lends support to the story related in the Surya- 
Siddhanta. It makes one believe that the Greeks are in some way related to 
our astronomy, and the fact that the system of epicycles of both is similar to a 
considerable degree, further strengthens the inference. It has, however, 
already been shown before that we have borrowed no numerical data irom the 
Greeks All things considered, one is inevitably led to infer as the Rev. h. 
Bursess does, that " only hints could have passed from one people to the other 
and that at an early period (before Hipparchus, in the authors opinion,) 
for on the supposition that the Hindus borrowed from the Greeks at a later 
period we find it difficult to see precisely what it was that they borrowed 
since in no case do numerical data of the two peoples exactly correspond. 

Let us now consider who received such hints and from whom. Kendra 
is a very important term. The distance of a planet from the apsis or the apex 
is its Kendra (anomaly or commutation) and it gives rise to co "esponding 
corrections known as equations of centre and annual parallaxes. Kendra may 
be a word from Greek or some other language It does not .seem to je 
Sanskrit The author is therefore, inclined to believe that the principle ol the 
variation in the mean place of a planet due to its anomaly may have been denyea 
from the Greeks. This principle is, for the first time, noticed in the Pauhsa 
Siddhanta and it has been proved that the siddhanta was compiled before the 
work of Hipparchus arrived in India. Hence, it is evident that the principle was 
brought to our country before Hipparchus. Tt is clearly seen from to «*£ 
expressed by Colebrooke and others that the epicychc method and I the ^ above 
principle depending on it were never made use of in astronomical caMabwy 
by any one before Hipparchus. But Colebrooke says that the epicyclic method 
was first devised by Apollonius before the days of Hipparchus I ; was thus m 
troduced into our astrono my through some unknown channel either by Apo uo_ 

*This line was communicated to the author by V. B Ketkar. He _ came 
across a break after verse No. Ill, in chapter one, m the three diflerent 

copies of Sakalya's Brahma Siddhanta. (See footnote on page 245), but 
Ketkar's copy contians verses in continuation of verse 111, and the verse 

above is one of these additional verses. 
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Dius or someone else who may Lave teen its original inventor. It must ct 
course, have been imperfect in fcim and that is the leascn why the iw c methcds, 
Greek and ours, resemble each other and >et also cifltr to a ccnsideiable ex- 
tent. The Pulisa Siddhanta may have had seme relation to the Greeks only 
in respect of the above principle. Ihe PUisa mentions sines, which we ha\e 
not- borrowed from the Greeks ; for even Ptolemy's works co not contain 
them. In short, if we received anything from foreigners, it must have been 
merely some hints of the epicyclic principle either frcm the Greeks or perhaps 
from the Babylonians, and nothing else. We did not receive any detailed 
information based on observations. We were not as dependent on loreigneis 
as the Europeans think. 

Whitney and others have never cared to consider what difficulties stand 
in'the way of an exchange of knowledge in its fullest details between two 
nations. We have been in contact with the Europeans for about the last 
300 years, and during the last 75 years in particular the contact has been so 
intimate that not even a thousandth part of it could ha\e conceivably been 
established between any two nations in ancient times. But how much ol their 
astronomy have we imbibed ft cm the Europeans during all these years * 
Many of us are just aware of the cemmon place fact that the earth and other 
planets revolve round the sun. As for the theory of planetary motions, omy 
the highly educated few may have understccd it to a more or less extent ; 
others are perfectly ignorant of it. 

The theory of planetary motion propounded in the Greek and Hindu 
astronomy of the ancient times was doubtless by more difficult to understand 
than the modern theory. So much about theory taken by itself. Now, how 
many of those who understand theory really take to actual planetary calcula- 
tions ? It is true that those who understand theory can easily understand the 
method of making planetary calculations themselves. As it is, however, there 
can hardly be more than a dozen persons at present in India, who can compute 
figures from European works. To add to this, there is only a solitary work 
compiled on the basis of European works, that of Keropant Nana, which is 
useful for astronomical calculations. When this is the state of things in these 
da} s, there was hardly any possibility of anything beyond the exchange of a 
few simple hints between two nations in ancient times when the chances of 
astronomers meeting one another were very remote and when there were 
insuperable difficulties in the w ay of translation of ideas. 

OUR INDEPENDENT EFFORTS 

We had begun to the study of mean motions of the Fun and Moon as early 
as 1400 B.C. (in the Vedanga Jyotisa period). Kasyapa and others have referred 
to the twelve-year Jovian cycle. The cycle was based on naksatras and had 
evidently nothing to do with the Greeks. It shows that the fact that Jupiter's 
revolution generally takes twelve years, was well known to us in very ancient 
times and this was true also about other planets. That this knowledge was 
independently derived is evident from the planetary calculations in the Vasistha 
and Paulisa Siddhdntas of the Pancasiddhdntikd group. It has been pointed 
out before, chiefly in the study of the Vedanga Jyotisa and at several other 
places that the notion of dividing the circle into degrees and minutes may 
have originally belonged to us. The original Vadisfha Siddhanta which has 
nothing to do with the Greeks mentions these divisions into degrees, minutes 
1D.G.O/69 27 



402 History of Indian Astronomy 

and seconds. Again, it has been demonstrated in the study of the Mahabharata 
and in the conclusion of Part I that we used to study the positions of planets 
their direct and retrograde motions and their conjunctions at a time which 
leaves no room for suspecting any possibility of connexion between the Greeks 
and Indians. The Pancasiddhantikd mentions broad rules stating the number 
of days which a planet once risen, requires for setting or for becoming retro- 
grade or direct. Even the modern works state such rules, but they are not 
given any prominance. They appear to occupy an independent place in the 
Pancasiddhantikd and Khandakhddya and in this it clearly followed a tradition, 
because attempts at establishing some such rules might have naturally been 
made before the correct theory about planetary motion was known ; and that 
such attempts were made can be seen from the oft-repeated references to them 
occurring in the Mahabharata and from the rules given in the Pancasiddhantikd. 
In short, there is plenty of evidence to show that we had been making inde- 
pendent efforts to create our own resources for formulating the method of 
calculating the true places of the sun, moon and the planets. Those resources 
blended with the principle of the, equation of centre due to anomaly, stimulated 
independent thought as jn the case of Hipparchus and Ptolemy, till at last 
their endeavours materialized in the form of the two notable works, the original 
Pulisa Siddhanta and the original Surya-Siddhanta. The divergence which 
is noticeable at various places as between Greek and Hindu astronomy can 
be accounted for only if it be assumed that we received nothing from the 
Greeks other than the mere suggestion regarding the equation of centre vary- 
ing with anomaly. 

Had the word 'Kendra' been one of Sanskrit origin, and had there been 
no reference to the dialogue between Maya and Sun, and also to the longi- 
tudinal distance from Yavanapura, the author would have arrived at the 
conclusion as the Rev. E. Burgess did, that it was the Greeks who received 
hints on astronomy from the Hindus. The suggestions which have been 
received from the Greeks were definitely important and certainly it reflects 
great credit on the Indian people who independently built up their temple of 
astronomy on those suggestions with due appreciation and candid recognition 
of their worth . 

James Burgess says that the Hindus received the essence of astronomy 
from Ptolemy since it is only Ptolemy's works where we find the system of 
dividing a degree into 60 parts, each of which is further divided into similar 
parts. But the Vdsistha Siddhanta which belongs to a pre-PtoIemaic period 
mentions such divisions and it is beyond all dispute that the basis of this 
system, the sexagesimal divisions of the day into ghatis and palas, originated 
with us. As no one among the Greeks except Ptolemy follows the system, 
it is obvious that it was Ptolemy who borrowed it from Hindus. 

RevatI was not originally the first point from which the positions of planets 
were measured. It was adopted for the purpose about Saka 444. It has 
been shown before (pt. LP. 139) that the equinox used to occur in AsvinT 
about 579 B.C. This implies, therefore, that the initial point or the 
Asvinyadi for each of the five siddhantas of the Pancasiddhantikd 
was not according to Dr. Thibaut's own admission, a fixed point but the 
position of the equinox, during the period from the date of each siddhanta 
to £aka 444. This is perfectly clear so far as the Vdsistha Siddhanta 
is concerned. The Pancasiddhantikd does not provide any clue to the 
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epoch adopted by the Paulisa Siddhdnta for calculation. Hence, even thoush its 
year measure is approximately equal to that of the sidereal year its initial noint 
must have coincided with the equinox; and since that Siddhdnta was not in 
use for many years, its year measure did not affect the results obtainable from 
it. The original Surya Siddhdnta, however, has adopted the beginning of 
Ka 1 iyuga as its e^och. With this epoch and the year measure of the Siddhdnta 
one finds that its Aries ingress coincided with the equinox about Saka 451 
(Page. 217). But Varaha's remarks clearly indicate that the original Surya 
Siddhanta is not so modern. So the moments of equinoxes computed from 
the siddhanta would be liable to an error of 1° for every 60 years, to the extent 
to which its true date may be anterior to the above estimate. This leads one 
to infer that at the time of the Surya-Siddhdnta one of the two factors— adoption 
of the Kahyuga date as the conventional epoch of calculation or the length 
of the year— must have been different from what it was in the days of Varaha 
and what we find recorded by Varaha must have been introduced by someone 
during a century or two before his time. In any case no numerical data in 
Ptolemy s works are found in the Surya-Siddhdnta, and independent evidence 
is available, to how that Ptolemy's siddhanta has not reached our country 
till at least Saka 500* (see page. 228) ; so, then, whatever be the date of the 
original Siddhdnta,Jh& almost finished form in which our astronomy is found 
was reached without the help of the Greeks. Not a single proof has ever 
been produced that would compel one to assume that we borrowed from the 
Greeks some important information other than the principle of the equation 
of centre depending on anomaly. 

FOUNDATION EPOCH OF SIDDHANTAS 

This principle may have been transmitted to this country before the days 
of Hipparchus, that is, during the 3rd or 2nd century B.C. when the Greek 
influence had spread far and wide in India. The essentials of planetary 
calculations were already available, and the Pulisa Siddhdnta was compiled 
after the epicychc principle was introduce*, here. The Romaka Siddhdnta 
was compiled next, and later on, our astronomy very nearly reached the stage 
of maturity in the original Surya-Siddhdnta. It cannot, however, be said for 
certain whether it reached that stage a few years before or after the Saka era. 

SAN1HITA branch 

The origin of the Sanihita has never been in dispute. The Samhitd includes 
several branches of physics ; and it appears that attention may have been 
naturally drawn first to this branch out of the three ; and it is creditable to 
us that the branch is our own creation. 

JATAKA SKANDHA 

w L f US now „„ c ? nsi <ler if we borrowed the astrological branch from the 
westerners. Whitney says that Whish** and Weber have discussed this question 
in tne most satisfactory manner. The author has not seen their writings, 
ne goes not kn W how far the write rs are competent to judge this question, 

'^before JaySnta' *°™ ^ *"*"* *° h ™ e ""^ in ° Ur coatltry at any * jme 

**Whish in the Trans. L?t. Soc. Madras 1827 and Weber in his Indische studies, II, 
p. 236 etc., (See. Trans, of S.S. p. 174.) 
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what materials they have drawn upon, and what their arguments are. But 
he proposes to consider the pros and cons of the question that strike him as 
worth consideiing. 

Jcccbi* observes that it is in the works of Firmicus Maternus (336-354 A.p.) 
that we find for the first time the system of predicting the future from the 
horoscope composed of twelve houses. If the system entered India a£:r 
that date, it must have required at least a century or a half, and it is not at all 
likely that during the period of 50 to 75 years from that time up to the date 
of Varaha, as many as six Acarya (Scholar) authors and five Rsi (sage) 
authors should have lived and compiled works on astrology. Even this fact 
alone would suffice to prove beyona all doubt that our astrology is an indi- 
genous growth. The Titrabiblas, a work on astrology is said** to be 
compiled by Ptolemy. The Almagest, a work on the effects of planets is 
also attributed to Ptolemy. But there is no certainty about this. If this be 
supposed to be true and if it be also assumed that Ptolemy's works were 
transmitted to India immediately after their compilation, a period of about 
350 years -appears to have passed between his time (150 A.D.) and that of 
Varaha. But it has been already shown before (Page 369) that our astrology 
can be dated back to seven or eight centuries before Varaha. Moreover, 
the nucleus of the present system of astrology is to be found in the Atharva 
Jyotisa. It mentions only nine 'places' instead of the twelve houses. The 
first, 'second and seventh of those nine houses called Janma, Sampat and 
Naidhana respectively are the same as the 1st, 2nd and 8th in the horoscope 
of 12 houses. The tenth naksatra from the birth-naksatra in the .Atharva 
Jyotisa is termed Karmanaksatra which under the present day system is the 
10th house known as Karmasthdna (house of occupation). The remaining 
places out of nine will be similarly found to correspond to some house or other 
out of the twelve. The system described in the Atharva Jyotisa is said to 
have been revealed by the sage Bhrgu. It has been pointed out before (pt. 1., 
p. 100) that the Atharva Jyotisa belongs to a period prior to the introduction of 
Mesa and other terms, that is, earlier than 500 B.S. It is, therefore, obvious 
that we had our own independent system of astrology before 500 B.S. It 
would be easily apparent from this that we imparted to astrology its present 
form or some form very akin to it, after we had either devised or imported 
the names of zodiacal signs about 500 B.C. The change thereby effected in 
the Atharva Jyotisa system mainly consisted in the substitution of the ascen- 
dant for the moon's place as the first house in the birth chart. An important 
point in this respect is that the term Lcgna (ascendant) occurring m the 
Vaiistha Siddhanta bears the same significance as it does in astrology at 
present. The term could find a place in the Vasistha Siddhanta only because 
the birth horoscope had come into existence ; otherwise {here was no justifica- 
tion for it. It has been proved before that the date of the Vasistha Siddhanta 
may be as far back as about 500 B.S. or at least 50 years before Ptolemy. 

Thus, a veiy important astrological term like lagna was in vogue amongst 
us and that the science of natal astrology based on the birth horoscope had 
or cinated at a time when astrological works were conspicuous by their absence 
among the Greeks. The B T hat Satnhitd contains a chapter (No. 104) entitled 
i Grahacdradhyayd > which des cribes the effects of the courses of planets. The 

•Weber's History of Indian Literature, page 251, 

**See. Trans, of S.S, p. 174. But even Whitney was not sure about this. 
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first place there in is ; of course, assigned to the moon. The chapter refers to 
Mandavya who was doubtless an author of the Rsi class. This indicates 
that Mandavya's works laid stress on the lunar horoscope or at least devoted 
some thought to it. When the twelve rdsis— Mesa, Vrsabha etc. came into 
vocue the idea of converting the nine-house system of horoscopy into a 
twelve-house one must have occurred as a natural corollary and then as a 
natural course the system of casting the birth horoscope was first introduced 
bv feme saae like Parasara or Garga. That system was then communicated 
to Yavana writers, who compiled works on the subject after 150 A.D. for there 
is no astrological work of the pre-Ptolemaic period. The Yavanas may have 
developed it further. The third important point is that Utpala nas shown 
the difference of opinion between Yavanesvara and Varaha at several places. 
Varuha himself has cited the views of Satyesvara at many places, and it is 
clear from the Brhajjataka that they were the only views mainly acceptable 
to him. Had Yavanas been the pioneers in the field of astrological literature, 
so much difference of opinion would not have arisen, and Varaha would not 
have treated Yavana as merely one of a multitude of authors. This shows 
that the Yavanas were not pioneers in this field. 

^fa^sfa <p*T fo ^TtW^T: II U II 

"The Mle-has are Greeks. This science (of astrology) is well established 
among them and hence they are to be respected like sages. It goes without 
s^ng then, that the Brahmin who knows fate (astrology) also ought to oe 
respected all the more." 

Varaha has quoted this verse from Garga. Garga simply says here that 
the science is well established among the Yavanas. Some people are inclined 

infer from this quotation that we entirely borrowed a Jjf § a _^?^ t 
as well as astronomy) from the Yavanas, and that is a mistake. The context 
of Z verse shows Slat it has nothing to do with the science of ^~£> 
and our people never regard Jyotisa as a science confined to mathematical 
astronomy only or as representing the main brancn of astronomy They 
regard Btaka and Samhitft as the main" branches. Of these two, the Sanjmta 
brlnch has no connexion with the Yavanas. The above verse, Acrefore, 
refers only to the science of astrology. This is also evident from the wo.o. 
daivavit (one who knows fate) used in it ; and the purport of tne verse is : 
"This science is well developed among the Yavanas, and they are wor.hy or 
respect even though they are Miecchas. Need it be said, then that the , B rah - 
mana who also understands astrology, ought to be respected ? This does 
not mean that we borrowed the whole of the science of astrology from the 
Yavanas. 

Some are inclined to believe that since our works on astrology contain 
some 'Yavana' terms, astrology originally belonged to the Yavanas. But 
it is a wrong notion. Let us consider the point. Weber and Kern say that 
the Brhajjataka contains 36 Greek words. It may now be mentioned where 
these 'words occur and their meanings. The following names of the twelve 
rail's from Me§a onwards are given from Chapter L verse 8 :—Krtya,Iaburi t 
Jituma, Kulir, Leya, Pathena (Pathona), Juka, Kaurpya, Tauksika, Akoker*^ 
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Hridroga Ittham; verse 9 contains the words hora (half of a sign) and dreskana 
(decanate or third part of a sign) ; verse 15 :— Ripfa (the 12th house in the 
horoscope) ; Verse \6—Dyuna (The 7th house); verse 17 .—Kendra (angular 
houses i.e. the 1st, 4th 7th, and 10th) ; verse 18 -.—Panaphara (succeeding 
houses i.e. the 2nd, 5th, 8th and 11th), apoklima (cadent houses or the 3rd, 
6th, 9th and 12th) ; hibuk (the 4th house) yamitra (the lthTvo\\se),Trikona 
(the 5th house), mesurana (the 10th house) ; verse 20 :— l VesV (the bouse next 
to the one occupied by the Sun). Chapter II, Verse 2 contains :— Hell (bun), 
Himna or Hemna (Moon), Ara (Mars), Kona (Saturn) ; Verse 3 :—Asphujit 
(Venus). Chapter XIII, verse 3 contains the following aspects -.—sunapha, 
anapha, durudhara, kemadruma. (The sunapha, aspect occurs if any planet, 
other than the sun occupies the 2nd house from that of the Moon ; the aspect 
is 'anapha', if it be in the fifth house ; it is durudhara, if both the houses are 
occupied by some planet ; and in the absence of any of these three, the aspect 
is kemadruma). Chapter VII, verse 10 contains the term Lipta (kala). This 
is a term from astronomy. There are thus 34 words *in all. Other additional 
words are said to be jyau and dyuta. But the author did not come across 
the word dylita or dyuta anywhere ; if there be such a word at all, it^ may 
be indicative of some house. Weber appears to suggest that the word jyau is 
to be found in Chapter II , verse 3 . But the word is definitely not to be found 
there. The word ijya is found instead ; and this Sanskrit word as is well 
known, stands for Jupiter. Utpala too has taken it as ijya. The word *tt/wm 
has also been taken by Utpala as the Sanskrit word, meaning thus. Kuhr is 
a well-known Sanskrit word. Again the words Hridroga, tnkona, Hemna, 
Kona cannot be said to be Greek only and not Sanskrit also. Even if it be 
presumed that all the foregoing words are Greek, the author wonders why 
one should make a great fuss about them. It does not necessarily follow 
from the adoption of these words that the horoscope of twelve houses 
was utterly unknown to us and that we borrowed it from the Greeks. 

It has been shown before that the very idea of the horoscope first originated 
in our country ; and if that is true it is immaterial that so many Yavana words 
have crept into our treatises. It will only prove that a number of works of 
Yavana writers were in wide circulation in our country, and that these words 
were admitted into our literature because the works were in circulation. The 
word book, for instance, has come into our general use these days, but the 
thing denoted bv it already existed here as is indicated by the corresponding 
word pustak etc. Now supposing the book which is now so very familiar 
to us becomes extremely dominant in future, pustak may come to be ousted 
from everyday language and relegated to literary work. Even then it would 
not mean that the idea of the thing denoted by book was originally not our 
own. This holds good also in regard to the above list of 36 words and the 
objects represented by them. Another point for consideration is that when 
a word has several synonyms, that one is apt to be selected which is found to 
be metrically most suitable. In the same way, many of these 36 words have 
been used in verses for the sake of metrical convenience. At several places, 
their Sanskrit synonvms also have been used. Out of these 36 words, there 
are 12 which stand for the names of the 12 signs, Mesa etc ; even then the' 
do exist Sanskrit synonyms for them. Heli and other words represent tr 

~" "These words appear in the Brhajiataka at some other places also. But only the 
more important places have been men toned above, along wtth iheir more important 
meanings. The Brhajjataka along with Commentary may be seen for detailed information 
for their different senses and for Sunapha and other aspects. 
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six olanets which also have Sanskrit words ; and there can be no doubt 
about the fact that we obtained knowledge about them quite independently. 
Eleven words including ripfa, dyima, etc. indicate the different houses of the 
hnrrvirone But these too have Sanskrit synonyms for them; hpta is a mathe- 
matical term and kala is a Sanskrit synonym for it. Now, only six words 
remain- hora dreshan, sunapha, anapha, durudhara, and kemad,uma. These, 
however have n Sanskr/equivalents. Sunapha etc. are names of Greek 
asoec^s and we may have borrowed them from Greek works. But that is 
immaterial Cur works abound in hundreds of other aspects and we have 
™owed l from Yavana works only four more, like sunapha etc. which appeared 
worth adopting. 

Hora and dreskana are, however, words of greater importance. But 
i t is not that the cream of the horoscope lies just in these two words. Cole- 
brooke remarks that our dreskana system is somewhat different from that oi 
the Chaldeans and Egyptians. But as the three have also certain points oi 
resemblance and as the word dreskanc is not one oi Sanskrit origin, Reappears 
to have been led to attach importance to the word and to conclude that Hindu 
astrology is not an indigenous growth. But if his view rests only on such flimsy 
evidence it is indeed an erroneous view. 

He who fully understands astrology will easily see that it is not that hora 
and dreskana are very important and indispensable features ol astrology. 
Their combined importance may be even less than five per cent. Hence, 
all things considered, the presence of 36 Yavani (Greek) words m our treatises 
does not conclusively prove that our science of astrology is not our own pro- 
duction. In short, the Jdtaka branch is our own from its very inception. 
The only connexion it has with the Yavanas consists in the fact that our astro- 
logy assimilated part of Yavana system at a later stage. 

RETROSPECT AND PROSPECT 

We have already seen the various phases through which our growing 
science of astronomy has passed. If works compiled before Varaha mihira 
and those in the intervening period between Brahmagupta and Rajamrganka 
would become accessible, we would know more of the history of the science. 
Research work in the Samhita Branch came to a standstill very soon after 
Varaha. The mathematical branch was in a flourishing condition till about 
Saka 1 000. Bhaskaracarya's treatises threw into the shade most of the previous 
works and from that time onwards the theor> propounded in Bhaskara's works 
came to be regarded as the alpha and omega of the knowledge of astronomy. 
As the divorce between planetary calculations and the realities of the heavens 
became more palpable in course of time, there appeared on the scene some 
annonymous bija*-finder of the Surya Siddhanta, as also Kesava Daivajna and 
Ganesa Daivajna, and they rectified the elements of the planets. They could 
not, however, revitalize the science and ensure its future growth. The correc- 
tions (bija-samskaras) proved to be mere makeshifts of the moment in the 
slbsence of the tradition of recording observations, and these corrections were in 
it srtain respects not quite accurate. Another great drawback of such corrections 
t^as that they led to the general belief that the difference between the results 
of calculation and those of observation was due to a cumulative error traceable 

*It is not known who devised the bija (correction) for the S. S. 
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right back to the beginning of the KLaliyuga, and hence the corrections were 
so demised tnat trie error winch had really accumulated in a few vears was 
spread over a very long period. Consequently the corrections could not 
remain valid for a long time, and in certain cases they proved useless from the 
very beginning. A glaring instance of this is that the year-length once handed 
down in the remote past was never corrected later, with the result that at present 
the correction of the year-length has become the toughest problem affecting 
the question of calendar reform. Even though Brahmagupta noticed that 
the equinox receded a day, he distributed the difference over a period of 3700 
years according to the traditional belief, that all variations originated at the 
beginning of Kahyuga, though in reality the difference was the result of the 
error accumulating since Aryabhata's time, that is, a period of about 150 
years. Otherwise, Brahmagupta himself could have introduced the measure 
of the tropical year ; and once he had introduced it, calendar reform would 
not have been an uphill task as at present. Even the observations of KeSava 
and Ganesa proved to be of little use. Had there been a record of past observa- 
tions, it would have been of much use to them for comparing results In 
short, although corrections were applied from time to time, they could rectify 
the planetary elements only .for the time being. 

The superstitions that our ancient works are apaurusa (divine) and perfect 
in every way, and the consequent feeling of reverence which even the paurusa 
(man-made) works of Aryabhata and Brahmagupta inspired as if they we're 
also of divine origin proved very detrimental to the growth of astronomical 
science. It engendered the belief that our duty was strictly confined to the 
occasional correction of elements whenever planetary calculations failed to 
accord with observation and that this too was not to be done independently 
but under the name of bija applicable to the original work. It was due to this, 
coupled witn the fact that protracted observations ceased for want of royal 
patronage, that no new discoveries were made in India as they were made in 
Europe. The cessation of royal patronage must have been also due in a large 
measure to tne self-complacence of the astronomers who beiieved that, thanks 
to the older treatises, they were not duty bound to do anything more. Had 
the astronomers been alive to their duty, thev could have secured royal support. 
Again, owing to Muslim domination most of the eminent princes of Southern 
India had vanished after Saka 1300 and the same fate had befallen 
those ot the North even earlier. The peace of the country was disturbed, and 
this also proved to be a great obstacle to the growth of the science. In spite of 
this, it is a matter for pride that in many a village like Nandgaon in the Konkan, 
Farthapura on the bank of the Godavari and Golagrama, and at the academy 
ot Varanasi, there arose among our people observers like Kesava and Ganesa, 
theorists like Karnalakara, and designers of instruments like Padmanabha, 
each one ploughing a lonely furrow. When peace had hardly been restored 
under the rule of the Marathas and Peshwas, when the tradition of taking 
observations was just being revived by designers like Cintamani Diksit (P. 174) 
and when the knowledge of theory, almost lost, thanks partly to works like 
me branalaghava and partly to other reasons, was just being recovered by 
scholars like Yajnesvar, the commentator of the Laghu Cintamani, the rul/< 
ot the Peshwas ended. The efforts made by such men as Jayasimha on 'a 
grand scale at Delhi, Ujjain and Jaipur apparently came to an abrupt end, 
because of political unrest. Since the advent of British rule, peace reigns 
supreme and learning is being fostered. But practically no facilities have 
been provided for the critical study of mathematical astronomy and other 
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profound and interesting aspects of that science. On the contrary the printing 
press has proved to be a new menace to the growth of astronomy, for, the 
almanac-makers who were once to be found practically in every town are 
fast vanishing, being no longer in demand. In these circumstances who 
would care to study theory works like those of Bhaskaracarya ? However, 
the mathematical branch has somehow managed to remain alive because the 
necessity of muhurtas, and the ardent desire of the people to know the future 
in the light of astrological works persist even to-day and are bound to persist 
in future to the same degree as before, and the Joshis are compelled to do at 
least some planetary calculations. Natal astrology is in a fairly good condi- 
tion, if not flourishing as vigorously as before, but that can hardly add to our 
credit. 

Copernicus compiled his work in Saka 1465. Prior to this date European 
astronomy was practically in the same condition as astronomy in India. The 
great difference between the two, however, was that the European science 
was progressive while ours was stagnant. It was not very long before Coper- 
nicus, that Ganesa Daivajna and his father Ke^ava Daivajna, both of them 
research-loving scholars, were flourishing in our country. But with the advent 
of Copernicus, European astronomy passed through such a tremendous change 
that while the science of the by-gone days was comparable to the newly grown 
sapling of the Banyan tree, the latter-day-science was the Banyan tree itself, 
towering in the full-grown majesty of centuries, yielding shade and shelter to 
thousands. Ours has merely clung to the status quo ante .* 

One of the important reasons why the science of astronomy has attained 
the highest degree of excellence in Europe to-day is navigation. This does 
not hold good in our country, still there are other reasons that necessitate the 
study of astronomy. The first of these is the need of compiling the almanac, 
which includes the needs of both Dharma Sastra and Muhurta. Astrology 
is the second reason and curiosity the third. Some are of opinion that our 
old astronomy has become utterly worthless, that nothing would be amiss 
if the almanac is lost. But even a little enquiry will show them that none of 
the ancient nations put in as much effort as our ancient ancestors did in the 
sphere of astronomy, and that they could achieve much greater success in it 
than in any other empirical science like medicine. Again, if they give some 
thought to the state of things in the villages, they will come to know that 90 
or even 95 per cent of the population do require the almanac. The educated 
modernist may choose to ignore the almanac, but that does not mean that the 
common man would follow suit. In fact our astronomy owes its origin to 
the necessity of the almanac which serves as the mirror of the heavens. The 
educated people, however, would be justified in demanding that the almanacs 
should . be reformed and in wishing that our feeling of veneration towards 
astronomy should be directed to some more desirable channel. But they 
are not justified in repudiating the almanac itself or the sense of veneration 
which it inspires. 

DUTIES AHEAD 

. We have already studied the question of calendar reform in elaborate 
detail and three possible modes of reform have been suggested (P .323). It 

is highly desirable that all people should carefully consider and decide by the 

i . , — , — , . 

*See Jyotirvilasa, (2nd edition) pp. 51 and 52. 
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*See Jyotirvilasa, (2nd edition) pp. 51 and 52. 
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vation and to give them information about the history of our ancient works, 
in order to induce them to study the astronomical theory by the old or new 
methods ! Efforts made in the way to awaken the nation as a whole are bound 
to have a more lasting, even if slow, effect as compared with the isolated 
action taken in this respect. If our ancient instruments and ancient works are 
collected together and preserved in some principal cities in our country and if 
observatories are built for taking observations both by the ancient and modern 
methods, and institutes for study are established, the science of astronomy 
once brought to a splendid condition by our ancestors will not only recover 
its former splendour but even grow more brilliant. The threefold duty 
suggested above for Sankaracarya and others in respect of the question of 
calendar reform is only the first step towards curing the malady. But we 
ought to aim at some achievement of lasting value rather than ephemeral 
results. This tree of astronomy was planted in excellent soil in our country 
and was growing very vigorously in ancient times. It was being watered 
from time to time. People used" to feel gratified on tasting its fruit. The 
fragrance of its flowers had not only spread far and wide not only in this country 
but had also reached even the remote lands of the earth. And although in 
very ancient times some wind-borne clouds of distant skies— the foreign astro- 
nomers—may perchance have let a few drops of water fall into its basin, history 
shows beyond doubt that the seed thus begotten was wafted back to those 
foreign lands and a new tree of astronomy began to grow there, or the old 
one was revived. Glorious and flourishing as our tree was, its growth was 
arrested in course of time. It ceased to receive water ; and naturally its 
tender foliage has withered. The tree is now feebly clinging to life somehow, 
thanks to the water received in ancient times and the few drops that trickled 
down later on rare occasions, and it is still yielding fruit of a sort, sour and 
bitter. As we look abroad, however, we find that the sapling which owes 
its origin or revival to this very tree on the Indian soil has grown and is still 
growing so vigorously that thousands of people are getting shelter in its shade. 
The astounding expansion of the offspring would hardly lead one to suipect 
that it had ever any kinship with the parent tree in India. 

The reason why such a glaring contrast has arisen is mainly that the science 
abroad has been nurtured on the labours of the observatories. May Savita 
the Almighty inspire all of us to endeavour in order that observatories may be 
established in India, aid that our science, revitalized and set on the path of 
progress, attain the acme of perfection. And now that the time is ripe for 
planting the seeds of knowledge, as already remarked, may we have facilities 
for renovating the science as was sought to be done from time to time in the 
past, in the guise of empirical corrections (bijasamskara) and is still being done 
to some extent. And may there arise, men inspired by the self-evolved 
Savita, who would bring about such consummation through original works 
on the science. 
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